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INTRODUCTION 
The environment surrounding any farm animal has a direct and very 
important effect on the productive capacity of the animal. Hazen (12) 
has developed data which support this statement. His data also show 
that the average air temperature surrounding the animal is an effective 
criterion for judging environment. Generally provision is made for at 
least partial control of this temperature by the erection of a shelter 
inside which the animal is housed. The type of shelter erected can range 
from a simple overhead cover, or from a windbreak fence, to an insulated, 
air-conditioned, fully-enclosed shelter, depending on the degree of control 
desired. There are other reasons for the erection of a shelter for the 
animal, such as protection from rain and from snow, but some control of 
the temperature of the air surrounding the animal is one of the very 
important reasons for erecting a shelter» 
Control of the temperature of the air surrounding the animal in the 
shelter is obtained by exercising some control over the flow of heat to 
and from the shelter. In the case of a simple overhead cover, the animal 
is protected from the direct rays of the sunj the flow of radiant heat 
from the sun to the animal is controlled to some extent. In the case of 
a windbreak fence, the flow of heat from the animal by convection is 
controlled by exercising some control over the velocity of the air sur­
rounding the animal. A simple shelter enclosed on three sides essentially 
is a combination of these two. The fully-enclosed shelter provides for 
some control of the heat flow to or from the shelter both by radiation 
and by convection, and by conduction. Heat is lost from or gained by the 
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air in a fully-closed animal shelter chiefly by conduction through the 
roof, through the sidewalls, and through the floors. Sufficient and 
accurate data concerning standard construction materials and well-
established methods of calculation exist to enable the engineer to provide 
whatever resistance to heat flow is desired in the roof and sidewalls of 
the shelter. When the temperature conditions outside the shelter, the 
temperature desired inside the shelter, and the heat production inside 
the shelter are known, it is possible to use engineering design to specify 
the proper materials or combination of materials necessary to provide the 
resistance to heat flow in the roof and sidewalls necessary to maintain 
the temperature desired inside the shelter. Frequently it is necessary 
to furnish an additional source of heat inside the shelter when the 
temperature outside the shelter is in the lower ranges, or to withdraw 
heat from the shelter by refrigeration when the temperature outside is 
in the upper ranges to maintain the temperature.desired inside. 
The heat loss to or the heat gain from the poured concrete slab 
commonly used as a floor in the fully-closed animal shelter normally is 
not taken into account in these calculations, other than the inclusion 
of the heat passing through the perimeter of the slab. For this deter­
mination rather general values for the heat loss coefficient along the 
perimeter of a concrete slab used in dwelling construction (2) are used. 
The information as to what the heat loss from or gain to the air inside 
the shelter through the floor is not available to permit evaluating its 
significance in this heat balance. In order to determine this information 
and its significance in the design of an animal shelter, it is necessary 
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to know the temperature and. moisture conditions in the soil under and 
around the floor of the shelter. 
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REVIEW OF LITERATURE 
The flow of heat through any material is dependent upon the ability 
of the material to conduct heat, or to the thermal conductivity of the 
material. Values for the conductivities of various types of soils as 
determined by himself and by previous investigators were presented in a 
treatise on heat flow in soils by Patten (26) in 1909. Little agreement 
was found among the values determined by these early investigators• 
Ingersoll and Koepp (17) in 1921; provided additional information regarding 
the thermal conductivities of some soil materials. Smith and Byers (32) 
later in their work on the thermal conductivities of dry soils made the 
following observations: 
"For soils in the dry state, the thermal conductivity of the 
actual soil material is practically constant and varies little 
from one soil to another, perhaps to less degree than do the 
densities. Further, the thermal conductivity of the actual 
soil is determined by the porosity to which it is packedj 
those of greatest porosity permit the transfer of least heat, 
those of least pore space, most heat." 
This work (32) also indicated that a sandy texture indicated large ability 
to transfer heat while a high clay content suggested less ability. 
The importance of moisture in the soil as affecting the thermal con­
ductivity of the soil was pointed out by the conclusion of Wadsworth (37) 
in 1939 that the rate of change of the temperature of the soil increased 
as the moisture content of the soil increased when working with soil 
between the oven-dry condition and maximum field capacity. Smith (30) 
in 1939 related the temperature of the soil to the moisture content of 
the soil: 
"There is a large movement of water in the vapour phase when 
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small thermal gradients are applied to soils having moisture 
contents in the region just below 99.3$ relative humidity 
and extending to somewhere above moisture equivalent. 
Some movement of water occurs in soils having a moisture 
content required by 75% relative humidity, but practically 
none at 100% moisture equivalent." 
Other investigators during this time had been studying actual soil 
temperatures. A. Smith (28) in 1932 made the following observation: 
"The time of occurrence of the minimum and maximum soil 
temperatures at depths ranging from 1 to 12 ft. is practically 
a straight line function of depth. At the 1-ft. depth they 
occurred on the same day as the minimum and maximum air 
temperatures, while at a depth of 12 ft. the minimum soil 
temperature did not occur until 16 weeks later and the 
maximum did not until 15 weeks later." 
The author (28) was referring to studies made at Davis, California, in 
1930. Other investigators (23) in 193k in a field study of soil temper­
atures at U, 12 and 2li-in* depths, observed that daily or weekly vari­
ations in temperature were greatest in the air and became less for each 
increase in soil depth. Turnage (3U) in 1939 reported on a study of 
desert subsoil temperatures made during 1937-38. His investigation 
showed the soil reached a maximum temperature in August at the 3-ft. 
depth, and in September at the 6 and 12-ft. depths, and that it reached 
a minimum temperature in January at the 3-ft. depth, in February at the 
6-ft. depth, and in March at the 12-ft. depth. A. Smith (29) in 1939, 
working with temperatures in the soil at depths of from 6 to 2U in., 
made the following statement: 
"The fundamental differential equation for heat conduction 
does not hold when actual field soil temperatures are taken 
into consideration, for although the soil material may be 
uniform in texture, differences in soil structure and soil 
moisture content change the value for conductivity and 
volume specific heat and these may themselves be functions of 
the temperature." 
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The actual structure of the soil at depths up to 36 in. was taken into 
account by Smith (31) in 19^2 in his laboratory studies of dry, undis­
turbed samples of soil from the various elevations. The three-dimensional 
graphs by Hide (13) presented temperatures in the surface foot of the 
soil in comparison with air temperatures for the period from May, 19U1, 
to April, 19U2, inclusive. These data did lead to the following 
observation: 
"At a depth of 12 in., daily temperature fluctuations are small 
and almost uniform throughout the year." 
Kersten (20), in a survey of subgrade moisture conditions beneath 
highway pavements in 19 Wi, developed data which indicated that soils, 
if covered in a relatively dry condition, are apt to shew marked increases 
in moisture content for some years, after which time a relatively stable 
condition is reached from which there is very little seasonal and yearly 
change. Guinnee, in symposium on the conduction of water in soils by 
Winterkorn (38) in 1958, supported this earlier finding. Kersten (21) 
in a survey of subgrade moisture conditions beneath airport pavements 
in 19U5, found that the subgrade moisture conditions varied with the 
texture of the soil and the climate of the region. The average moisture 
content increased for a textural progression from sands through sandy 
loams, clay loams and clays. A laboratory investigation (25) in 
Great Britain the same year found a similar relationship existed for 
the maximum moisture gradient when a temperature gradient was maintained 
for some length of time on a soil specimen. The maximum moisture gradient 
was greatest for the clay soil and least for the sand, that for the sandy 
clay having an intermediate value. 
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Langbeln ( 2 k )  in 19h9 developed a method for computing the temper­
ature at a point in a soil from surface temperatures. The temperature 
at a point in the soil is expressed as a weighted function of antecedent 
temperatures. Gênant (11) in 1950 calculated the thermal conductivity 
of soils of varying moisture contents on a physical basis. The results, 
in range of moisture content from 5 to 25%, are in agreement with 
Kersten (22). This theory developed by Gemant also explains the influence 
of soil composition on the thermal conductivity of the soil. The use for 
practical purposes of an average conductivity of 0.010 cal. (cm.) (sec.) 
(°C) for a sandy loam of a water content of about 20% seems justified by 
this analysis. Kolyasev and Gupalo (38) in 1958 correlated their 
laboratory work on the dependence of the thermal conductivity of a soil 
on its density with an empirical formula for determining this conductivity. 
These investigators did observe that the coefficients of thermal con­
ductivity and of thermal diffusivity for a given soil increase with 
increasing moisture content unequally within the different limits of 
moisture content. 
Potter (27) in 1956 observed that studies of the yearly cycle of 
soil temperature are rare. His investigation covered weekly readings of 
soil temperatures at depths from 1 in. to 6 ft. under different soil 
covers from July, 1952, to August, 195k» He found the mean annual 
temperatures at all levels were remarkably uniform, differing only by 
- 0.5°F* Brooks (6) has published data from a study of soil temperatures 
under bare soil at Davis, California. The four-year averages of the 
mean monthly temperatures showed a variation of the soil temperatures 
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throughout the year of 8.1°F. at a depth of 12 ft*, 10.5°F. at 10 ft*, 
1U*8°F. at 8 ft., 18*7°E\ at 6 ft., 21o8°F. at 5 ft. and 25.3?F. at h ft. 
A comprehensive study and bibliography on the subject of ground temper­
atures was published in 1958 by Chang (8). This included a collection 
of soil temperatures at various locations throughout the world. 
The most valuable and authorative reference for this investigation 
is that by Kersten (22) in 19U9* This publication covers the subject 
of the thermal properties of soils thoroughly. The effects on the thermal 
conductivity of the soil of temperature, of density, of moisture content, 
of saturation, of texture, and of mineral composition are investigated. 
Equations are developed for the prediction of the thermal conductivity 
of a soil, taking into account the texture, the density, and the moisture 
content of the soil* 
The actual investigations of heat losses from a structure through 
the floor have been conducted on dwellings * Hence in such investigations 
the air temperatures above the floors have been substantially above those 
ordinarily maintained in animal shelters. Tests at the Research Labora­
tory of the American Society of Heating and Ventilating Engineers in 19Î+2 
(15) indicated a heat flow of approximately 2.0 Btu/(ft.^) (hr.) through 
an uninsulated concrete basement floor with a temperature difference of 
20°F. between ground temperature and the air temperature 6 in. above the 
floor. A study of heat losses through concrete floor slabs in 19U5 by 
the National Bureau of Standards (9) indicated that, when the floor and 
the ground outside the house are at substantially the same elevation, 
the heat loss through the slab is more nearly proportional to the 
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perimeter of the slab next to an exposed, wall of the house than to the 
area of the slab. This study has led to the common practice of using 
the perimeter of the slab to calculate heat loss from the slab in dwelling 
design (2). This study also contained the following paragraph: 
"The heat loss of a floor laid on the ground is not pro­
portional to the temperature difference between the air 
inside and the air outside of the house at any given instant. 
The floor heat loss appears to be dependent upon the temper­
ature of the ground at some region beneath the surface, and 
this, in turn, depends upon the average temperature of the 
air above the ground and the amount of heat lost from it by 
radiation or otherwise during some period prior to the 
observation." 
Soil temperatures under the slab were not measured, but soil temperatures 
at 0.5, 1.0, U»0, 8.0 and 13.0 ft. below the surface were checked in an 
area about 50 ft. from the slabs. The temperature of the air above the 
slab was maintained at 70°F. in this sbudy, as it was in a similar 
investigation in 191*8 by the Small Homes Council, University of Illinois 
(3)• This study covered the period from January ll*. to April 23, 19^8, 
and was aimed at evaluating concrete slab floor constructions for dwelling 
use. Isotherm patterns drawn for each of the 9 types of concrete slab 
floor construction indicated that along the 3 ft. of the slab bordering 
the outside the heat flow was downward through the floor into the soil 
and then upward to the outside, as well as directly through the exposed 
edge of the slab to the outside. They further indicated that beyond a 
distance of 3 ft, from the outside exposed edge of the floor, the path 
of heat flow essentially was straight downward and that the magnitude 
of heat flow practically was constant. In this investigation all measure­
ments were taken, at 18 in. or less, below the surface of the slab. The 
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conclusion was reached that it is necessary not only to insulate the edge 
of the slab to maintain a desirable slab temperature, but also is advis­
able to extend the insulation under the slab as a border for approximately 
2 ft. 
During the 19U9-50 heating season the Research Laboratory of the 
American Society of Heating and Ventilating Engineers (16) carried on a 
field study to determine the order of magnitude of heat losses from floor 
slabs to the soil and to study the effectiveness of insulation in the 
floor in reducing these losses. The temperature of the air above the 
slabs was kept at ?5°F. during the time data were secured at approximately 
two-week intervals from October 19h9> to May 31» 1950. Temperature 
measurements were made down to 8 and 10 ft. below the surface of the slab 
near the center of the slab. Maximum depth of measurements near the 
foundation walls was U ft. 6 in. No measurements were made in the soil 
outside the walls. The data showed that the soil temperature remained 
approximately constant throughout the observation period at a depth of 
k ft. 6 in. Above this level the soil temperatures showed a gradual 
increase until about March 1. Temperatures below this level reached a 
peak about December 1 and showed a steady decrease from that date to 
the end of the study. In a similar study by Algreen (1), ground temper­
atures to a depth of 6 ft. below the surface of the slab increased 
steadily during the heating season. The pattern of the isotherms in 
the soil under the slabs showed that the greatest part of the heat loss 
from the floor slab occurred around the perimeter of the slab. It was 
in this area that insulation was judged to be most effective. It also 
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was judged important that the slab be separated from the foundation wall 
by suitable insulation# 
The review of literature on the general subjects of heat flow 
through soils and of heat flow through concrete slab floors has yielded 
the following information of direct value in the investigation of soil 
temperature and moisture conditions under and around an animal shelter: 
1. No data of this type are available in the published literature today. 
2. There is evidence that soil, when covered with a concrete slab, will 
take several years to reach a relatively stable moisture condition» 
3. The moisture condition of the soil under a concrete slab will vary 
according to the texture of the soil, being, on the average, higher for 
clay than for sand. 
It. The thermal conductivity of the soil is affected by the temperature, 
by the density, by the moisture content, by the saturation state, by the 
texture, and by the mineral composition of the soil. Reliable information 
is available for evaluating these effects. 
£. Actual heat loss from and heat gain to the slab in the animal shelter 
probably is greater around the perimeter of the slab than over the area 
of the slab. 
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OBJECTIVES 
The review of the existing literature does not reveal the existence 
of data or information regarding the soil temperature and moisture 
conditions under and around an animal shelter which permit evaluation 
of the heat loss to or gain from the soil under the floor of the shelter, 
or evaluation of its significance in the design of a shelter. The 
objectives of this investigation are to obtain this type of information, 
specifically: 
1. To determine the temperature and moisture conditions which exist in 
the soil under and around an animal shelter at any time during the year. 
2. To determine at what moisture content the soil under a concrete slab 
in an animal shelter reaches equilibrium. 
3. To determine the change in the moisture content of the soil under a 
concrete floor in an animal shelter after that soil has had opportunity 
to reach an equilibrium condition. 
It. To obtain the information necessary to estimate or calculate a 
coefficient of heat transfer for the soil under the shelter. 
5. To obtain information regarding the advisability of insulating 
the concrete floor of an animal shelter from the soil on which it rests. 
6. To obtain information which will indicate the manner in which 
insulation, if any, should be used in floors of animal shelters. 
7. To obtain information which will give an indication as to possible 
use of the soil under the floor of any animal shelter to aid in the 
heating and the cooling of the air inside the shelter. 
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8. To present the information secured in such a manner that it can 
serve as an aid in the intelligent design of any animal shelter. 
iu 
ANALYSIS OF PROBLEM 
The first step in the investigation was the selection of an animal 
shelter suitable for the study. In order to have some control of the 
temperature in the shelter, a fully-enclosed shelter was indicated. In 
order to limit moisture entering the soil under the floor of tiie shelter, 
a fully-enclosed shelter with a concrete floor was indicated. Findings 
of the Highway Research Board (20) had indicated that soils, if covered 
by a concrete slab while in a relatively dry condition, are apt to show 
marked increases in moisture content for five years or more, after which 
time a relatively stable moisture conditi. on is reached from which there 
is little seasonal and yearly change. Hence it was necessary to locate 
a closed animal shelter which had been in existence for several years 
in order that the soil underneath the shelter had reached a relatively 
stable moisture condition. Soil which had reached a relatively stable 
moisture condition under a shelter was assumed to have reached a rela­
tively consistent temperature pattern from which there was little seasonal 
and yearly change. 
The Iowa State dairy barn was chosen as the animal shelter for the 
study. Erected in 1936, it had been in continuous use since then. 
Further, when the temperature outside was not too high, it had been 
maintained at a temperature around 1|Q°F. by exhaust fans operating on 
thermostatic control set at U0°F. It was situated on gently sloping 
land, neither in a depression nor on top of a hill, so drainage conditions 
were not abnormal. Permission was obtained from the proper authorities 
for use of the shelter for the study. The walls of this barn were of 
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8-in. hollow clay tile to just below grade level. These rested on an 
8-in. poured concrete wall with a footing 8 in. deep and 16 in. wide. 
The bottom of the footing was approximately It ft. below grade level. 
The floor was an uninsulated concrete slab apparently resting directly 
on the soil. No insulation was provided between the floor and the out­
side wall around the perimeter of the slab. This was a face-out stanchion 
barn with a mow above. There was no finish ceiling; the mow floor and 
joists were exposed. 
The second step was the selection of the proper instrument for study 
of the temperature conditions. The copper-constantan thermocouple was 
chosen as an accurate, convenient, and well established method of 
measuring temperature. 
The third step was the selection of the proper instrument for study 
of the soil moisture conditions. The Bovyoucos block (It), (5) was chosen 
as the most suitable instrument for use under the conditions of the study. 
Use of the Bouyoucos block was the only method which permitted continuous 
measurement of moisture over a period of years with only one original 
installation necessary, which permitted measurements in the locations 
desired, which permitted individual measurements in a minimum of time, 
and which was inexpensive enough to make feasible a large number of 
points of measurement. This method of measurement of soil moisture con­
sists of placing a porous absorption block in which two electrodes have 
been cast in the soil and of measuring the resistance of this block to 
the passage of an electrical current between the electrodes. Since the 
moisture content of the block determines its electrical resistance, the 
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measurement of this resistance is an indication of the relative moisture 
content of the block and hence of the soil surrounding it with which it 
is in equilibrium in moisture content. The Bouyoucos block itself (U) 
was made of pure gypsum, generally referred to as plaster of paris. The 
block is pictured in Figure U. The two electrodes cast in this absorption 
block were of commercial lampcord, the strands of each cable being tinned 
by dipping them in molten solder before the gypsum was cast around them. 
The fourth step was the decision as to the points at which the data 
were to be secured in order to achieve the objectives of the study. The 
location chosen for the study is shown in Figure 1 on the floor plan of 
the barn. By confining the study to an area well away from the end walls 
it was necessary to consider horizontal heat flow in the east-west 
direction only, since it was assumed that there was no net heat flow in 
the north-south direction. It also was necessary to avoid any area 
affected by the milking parlor on the north end of the barn in order that 
the heat flow pattern for a section cut across the barn would be symmet­
rical on each side of the center line through the cross section of the 
bam. The assumption of symmetry about this center line made it necessary 
to take measurements only on one side of this center line. It also was 
necessary to consider heat flow vertically in the soil. Since the study 
was concerned with seasonal and yearly conditions in the soil under and 
around the bam, it was necessary that the measurements be taken at 
various depths in the soil both under and outside the barn. The heat 
flow problem to be investigated then resolved itself into that shown in 
Figure 2. In this figure the center line thru the cross section of the 
Figure 1. The floor plan of the dairy barn used in the investigation showing the location of the 
block of soil chosen for the investigation. 
INSTALLATION WAS 
BELOW THIS LINE 
Figure 2. The schematic setup of the heat flow problem to be investigated. 
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barn has been designated as the y-axis, and the surface of the floor of 
the barn has been designated as the x-axis. The block of soil to be 
investigated was of depth d, and of length L. L was equal to the width 
of the barn. It was assumed that there was no horizontal heat exchange 
in the soil either at the center line or at distance L from the center 
line. Below the area of soil considered was assumed to be an area at some 
infinite distance from the surface where the change of the temperature of 
the soil with change in distance from the surface was constant. The 
temperature of the surface inside the shelter was designated as T°j the 
temperature of the surface outside the barn, as 0°. The problem to be 
investigated thus was one in two-dimensional heat transfer for which the 
general two-dimensional heat flow equation is 
à2r 
êx2 ày* ° 
The solution of this equation for the boundary conditions imposed by 
Dr. Don Kirkham, Agronomy Department, Iowa State University of Science 
and Technology, has been included in the Appendix of this thesis. The 
solution developed by Dr. Kirkham is listed below: 
- Try 
-1 L 
T + T / tan 2e cos TT x 
2 tt7 1 L 
— r  ?  f o r o < x < !  
- Ipr 
T - _T/ tan" 1  2e "cos—' 
2 TT| 1 — I By for L< x< L 
- 2tt2 / r 
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where: 
v = temperature in the soil at any point* 
T = temperature inside the shelter minus the temperature outside 
the shelter. 
x = distance from the origin along the x-axis at which the soil 
temperature is desired. 
y = distance from the origin along the y-axis at which the soil 
temperature is desired. 
1 = Length of the block of soil considered which is equal to the 
width of the shelter. 
B = a constant to be determined experimentally. 
The block of soil chosen for the investigation is shown in horizontal 
view in Figure 1, and in vertical view in Figure 3» Eleven lines of 10 
thermocouple junctions each were placed in the soil under the barn, and 
11 lines of 10 thermocouple junctions each were placed in the soil out­
side the barn. All these vertical lines were perpendicular to the hori­
zontal line shown in Figure 1. Since the width of the barn was 36 ft., 
if the preceding analysis were to be followed, 18 ft. of the soil block 
would be under the floor of the barn, and 18 ft. would be outside the 
barn. However, the practical consideration of interfering with a road 
on the east side of the barn limited the length of the soil block outside 
the barn to 16 ft. The surface of the concrete floor of the barn arbi­
trarily was assigned the elevation of 100.0 ft. The thermocouple 
junctions then were located at elevations of 99.5, 98.5, 97*5» 96.5, 95*5» 
93*5» 92.5* 91.5 and 90.5 ft. In the same horizontal location as 
the thermocouples, Bouyoucos blocks were placed in the 11 lines in the 
soil under the barn, and in lines 12, 13, 16, 20, and 22 in the soil 
Figure 3» The positioning of the 220 thermocouples and XUU Bouyoucos blocks in the block of soil 
to be investigated. 
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outside the barn. Nine blocks were placed in each line at elevations 
of 99.0, 98.0, 97.0, 96.0, 95.0, 9h*0, 93.0, 92.0, and 91.0 ft. This 
provided the pattern for temperature and moisture measurement shown in 
Figure 3. 
It was expected at the time the decision was made to install the 
220 thermocouples and 1U1+ Bouyoucos blocks that the installation would 
yield many more points of measurement and much more data than necessary 
to realize the objectives of the investigation. Duplications of data 
were planned deliberately for several reasons. The anticipated difficulty 
of the actual physical installation made damage to some of the blocks 
and thermocouples during installation a very real probability. Also, in 
the event that the soil temperature and moisture conditions did not 
behave in the broad general pattern to be anticipated from the existing 
knowledge, the extra data would be available to determine this. In the 
event of disintegration of some of the plaster of paris blocks during 
the investigation, others would be in place to furnish the information 
desired. The installation was planned with the assumption that all data 
obtained probably would not be used in the final analysis. 
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METHOD OF PROCEDURE 
Preparation of the Floor of the Shelter 
It was necessary to make holes in the concrete floor at the locations 
selected to permit placement of the thermocouples and Bouyoucos blocks 
in the soil under the floor. An air hammer was used to do this. Holes 
approximately 6 in. in diameter were made in the concrete floor. Two 
holes were made in each location, one for the thermocouples and one for 
the blocks. Sections of 3-in. pipe 6 in. long threaded on the top were 
sealed into these holes with concrete so that the top of the pipe pro­
truded approximately 2 in. above the surface of the floor. A 3-in. pipe 
cap was screwed tightly on the threaded top of each section. Care was 
taken to keep all holes covered at all times except the hole on which 
actual work was being carried on at the time. 
Placement of the Thermocouples 
All thermocouples were made up in the laboratory with a common 
constantan wire with a copper wire joining it at 1-ft. intervals. Each 
such line of 10 thermocouple junctions was encased in a l/2-in. outside 
diameter transparent rigid butrate plastic tube with walls 0.031 in. 
thick. The cons tant an wire ran past the lower thermocouple junction and 
was anchored securely to a number 00 rubber cork which closed the bottom 
of the tube. This cork was sealed into the tube with a plastic cement 
made by dissolving scraps of the tubing in acetone. In addition, a 
sleeve 1 in. long was sealed over the end of the tube and the cork. This 
sleeve was cut from 5/8-in. outside diameter transparent rigid butrate 
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plastic tubing with 0.062 in. wall thickness, making the inside diameter 
of the sleeve 0.£01 in. or 0.001 in. greater than the diameter of the 
tubing encasing the thermocouples. In order to eliminate the effects of 
possible convection currents in the tube encasing the line, it was cut 
at each 2-ft. interval, non-drying caulking compound was packed tightly 
around the wires, and the tube was rejoined by use of a plastic sleeve 
sealed with plastic cement. The line of thermocouples then was ready 
for placement in the soil. 
Three improved Veihmeyer (36) soil sampling tubes were used to make 
the vertical hole in the soil through the section of 3-in» steel pipe 
for placement of the line of thermocouples encased in rigid plastic 
tubing. These were U-ft., 7&-ft., and 9-ft. tubes. Since the bottom 
of the mow floor was only 9 ft. from the surface of the barn floor, the 
hole was made only to a depth of 8§ ft. with the soil sampling tubes. 
The last foot of the hole was made with a 3/U-in» soil augur which came 
in sections to permit reaching a depth of 9& ft. despite the 9-ft. clear­
ance. The instant the hole was opened, the line of thermocouples encased 
in rigid plastic tubing was placed in the hole at the proper elevation. 
The area in the 3-in. pipe around the plastic tubing was sealed 
immediately with about 2 in* of melted paraffin* 
The placement of the thermocouple lines in the soil outside the barn 
was made using the same procedure as that used for placing the thermo­
couple lines in the soil under the barn without the inconveniences of 
having the limitation of height above the working surface or of the 
necessity of having to work through a section of 3-in. pipe* 
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Placement of the Bouyoucos Blocks 
The Bouyoucos blocks were purchased from Wood and Metal Products# 
Bloomfield Kills, Michigan, with special 10-ft. leads. The Veihmeyer 
soil sampling tubes were used for opening the hole for the installation 
of a line of Bovyoucos blocks in the same manner as for the installation 
of a line of thermocouples. The hole then was enlarged in diameter with 
a l§~in. soil augur to a depth of 9 ft. 
The necessity for placement of the blocks at known elevations while 
working through a 3-in. hole in a concrete floor made the development of 
a special placement apparatus necessary. This apparatus is pictured in 
Figures h and $. Basically it consisted of a l/2-in. aluminum tube 
plunger inside a 3/U-in. aluminum tube with a sheath on the end to protect 
the block during insertion in the hole. The wires from "the block were 
threaded through the l/2-in. tubing, the block was drawn into the sheath, 
and the apparatus was inserted into the hole. The 3/U-in. tube was marked 
at each foot interval from the center of the block position. At the 
proper elevation, the plunger was used along with a twisting motion to 
anchor the block in the moist soil, the 3/it-in. tube was raised at the 
same time to slip the block out of the sheath with the l/2-in. tube held 
immovable, and then the placer was withdrawn, letting the leads from the 
block slip through the l/2-in. tube. A long string had been tied to the 
ends of the leads to keep them from dropping into the hole. The hole 
above the block was filled to the level of the next block to be placed 
with dry, powdery soil from the area around the barn. The procedure was 
repeated until all blocks had been placed in the hole» The special 
Figure U. The special apparatus used to place the Bouyoucos blocks 
in the soil. 
Figure £?• Close-up of the lower end of the special placement apparatus 
showing the protective sheath, the pusher, and the Bouyoucos 
block. 
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placement apparatus worked very well and did permit accurate placement 
of the blocks, although the process was slow and tedious» The space 
around the leads ccaning out of the 3-in. pipe was sealed immediately 
with about 2 in. of melted paraffin. 
The placement of the Bouyoucos blocks in the designated lines in 
the soil outside the barn was carried out using the same procedure as 
that used for placing the blocks in the lines in the soil under the barn. 
Central Control Panel 
All thermocouple wires and all Bouyoucos block leads were terminated 
at a central control panel mounted on the inside of the bam wall to 
facilitate the collection of data. The thermocouple lines originally 
were made up in the laboratory with wires of sufficient length to reach 
the central control panel. Each line was encased in l/2-in. transparent 
rigid butrate plastic tubing continuously from its point of origin to 
the central control panel to prevent possible damage to the wires by 
water, mice, or other factors. Black rubber tubing was used to make 
the necessary turns connecting two sections of the rigid plastic tubing. 
All Bouyoucos blocks had been purchased with 10-ft. leads. In most cases 
it was necessary to extend these leads with the same type of rubber-
covered lampcord used in the construction of the blocks. All joints were 
soldered and taped. No enclosure such as the plastic tubing provided for 
the thermocouple wires was provided for the Bouyoucos block leads. Metal 
guards were installed over and around all wires above floor level inside 
the barn to protect them from physical damage. Figures 6 through 11 
picture the installation inside the barn showing these guards and the path 
Figure 6. The center alley of the bam showing the protective steel 
guards installed to protect the thermocouple and block 
leads. 
Figure ?• The steel guards in the area occupied by the cows and 
crossing the manger. 

Figure 8. The guards carrying the leads across the manger and to the 
floor of the feed alley in front of the cows» 
Figure 9» The guard carrying the leads across the feed alley in front 
of the cows, constructed in a form to permit rolling feed 
carts over it. 

Figure 10. The guards carrying the leads down the front of the manger 
and across the feed alley with the protective covers 
removed. 
Figure 11. The central control panel at which the leads from all 220 
thermocouples and ll+U Bouyoucos "blocks were terminated. 
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taken by the wires in reaching the central control panel pictured in 
Figure 11. Protection also was necessary for the tubing encased thermo­
couple wires and for the Bouyoucos block leads from the soil outside 
the barn. These were protected by a 1-in. by 12-in. board on each side 
with expanded metal lath nailed across the top. Around this, extending 
out from the side of the barn, was built a protective fence. All wires 
were brought into the barn to the central control panel through the cor­
ners of the square opening made for the round exhaust fan in the side 
wall of the barn. Details of the installation outside the barn are pic­
tures in Figures 11 through l£. The control panel at which all thermo­
couple and Bouyoucos block leads terminated is pictured in Figure 11. The 
layout of this panel is shown in Figure 16. Twenty-four Mallcry 12-
point shorting-type selector switches were mounted on the panel for 
connection of the thermocouples, 12 for lines 1 through 11, and 12 
for lines 12 through 22. The wiring diagram and switch connections 
for each 11 lines of thermocouples is shown in Figure 17. One switch 
in each group of 12 was used as a master switch for the other 11 switches. 
This arrangement permitted the reading of 110 thermocouples with one 
connection of the potentiometer. A Leeds and Northrup portable 
precision potentiometer no. 8662 accurate to - 0.01 millivolts 
was secured for use with the copper-constantan thermocouples. This 
potentiometer is shown connected in position to read the 110 thermocouples 
in lines 1 through 11 in Figure 18. The coffee cans on either side of 
the control panel were used to hold the ice pot for the reference junction 
when readings were taken, and to protect this junction from damage between 
readings. The double leads from the llilt Bouyoucos blocks were soldered to 
Figure 12. Overall view of the central control panel with the leads 
from the thermocouples and blocks in the soil outside the 
barn coming into the barn through the corners of the square 
opening made for the exhaust fan above the panel. 
Figure 13» The tubing encasing the thermocouple leads and the lampccrd 
block leads entering the bam. 
Uo 
6c.'. 
Figure lit» Close-up of the expanded metal lath across the top of the 
box protecting the thermocouple and block leads from the 
outside lines. 
Figure l£. Overall view of the installation outside the bam 

Figure 16. The layout of the central control panel. 
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Figure 17. The wiring diagram for each 11 lines of thermocouples» 
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288 phone jacks mounted on the panel as pictured in Figure 11 and as 
identified in Figure 16. Each group of 9 pairs of jacks controlled the 
blocks in the line for which they were numbered. The blocks were con­
nected from the left in order of increasing depth, so that the block at 
99.0 ft. was connected to the pair on the extreme left, and the block at 
91.0 ft., to the pair on the extreme right. A Boqyoucos improved Model C 
bridge was obtained from Wood and Metal Products, Bloomfield Hills, 
Michigan, for use with the Boqyoucos blocks. A pair of leads with phone 
tips soldered to each end was made for the Boqyoucos bridge. Connecting 
one set of ends to the bridge permitted taking a reading by plugging the 
other set of ends into the correct pair of phone jacks for the block in 
question. The bridge is shown connected for a reading in Figure 19» 
Weekly readings of the 220 thermocouples and of the IÎ4I4. Boqyoucos blocks 
were taken from the middle of April, 19^0, through March, 193>1» 
Soil Sampling and Analysis 
At the time the thermocouple lines and lines of Bouyoucos blocks 
were placed in the soil, the soil removed was preserved carefully to 
permit determination of the moisture content at various levels and the 
classification of the soil at various levels according to grain size» 
Samples of the soil for each 6-in. increment of elevation were taken 
for each line and sealed in air-tight containers to permit determination 
of the moisture content of the soil. The closed samples were weighed, 
oven-dried and reweighed. The moisture content of the sample then- was 
expressed as a percentage of the net weight of the oven-dry sample. The 
values for two elevations then were averaged to yield the average moisture 
Figure 18. The potentiometer connected in position to read the 110 
thermocouples in lines 1 through 11. 
Figure 19. The Bouyoucos bridge connected in position to read the block 
at 98.0 ft., line 2. 

50 
content of the soil between two thermocouple, junctions at adjacent 
elevations in a specific line of thermocouples. For example, the values 
of soil moisture content between elevations of 98.5 and 98.0 ft. and 
between 980O and 97.5 in line 3 were averaged to give the average moisture 
content of the soil in line 3 between the thermocouples located at 
elevations of 97,5 and 98.5 ft. 
The individual soil samples taken at various elevations under and 
outside the shelter were combined for the mechanical analysis and grain 
size classification. Soil samples taken from the same foot of elevation 
under the shelter were combined, as were soil samples from the same foot 
of elevation outside the shelter» For example, all samples taken between 
96.5 and 95*5 ft. from lines 1 through 11 were combined, and all samples 
taken between 92.5 and 91*5 ft. from lines 12 through 22 were combined. 
The combined samples for one elevation, either under or outside the barn, 
became one sample for this analysis. This made 18 soil samples in all 
for analysis. 
Mechanical analysis of the sample consisted of the separation of the 
soil into various size fractions and the determination of the percentage 
relationship of each size fraction to the dry weight of the whole sample. 
This standard analysis was carried out in the manner set forth in the 
laboratory notes (18) used in civil engineering at Iowa State University 
of Science and Technology in three steps. 
The first step consisted of a sieve analysis of the coarse or gravel 
fraction above 2.0 mm. in particle size. For this step a nest of sieves 
graduated as follows was used: 1^-in., 1-in., 3A-in., 3/8-in., No. U, 
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No. 10. In this step the hygroscopic moisture correction factor also 
was determined# 
The second step consisted of a sieve analysis of the fine or sand 
fraction below 2.0 ram. and above 0.07U mm. in particle size. For this 
step a nest of sieves graduated as follows was used: No# 3$, No. U8, 
No. 65, No# 100, No. 200, pan. 
The third step consisted of a determination of the sub-sieve par­
ticles. For this step the fraction which passed through the No. 200 
sieve -was used. This fraction was analyzed by the Bouyoucos hydrometer 
test (18). In this step it was necessary to know the specific gravity 
of the soil. Since the reference (18) states that the results of tests 
on many hundreds of Iowa soils conducted by the Iowa State Highway 
Commission have shown an almost negligible variation in this property, 
the average value of 2.68 used by this agency was used for this analysis# 
A grain-size accumulation curve was plotted for each sample. From 
this curve the sample was classified both on the basis of the classi­
fication developed by a division of the U. S. Corps of Engineers (110 
and the classification developed by the U. S. Bureau of Soils (33). The 
triangular classification chart for the U. S# Corps of Engineers classi­
fication is shown in Figure 20 and the chart for the U# S. Bureau of 
Soils classification, in Figure 21. Both of these charts are based on 
the percentage of sand, silt and clay as comprising the entire soil; 
the gravel fraction is not considered. 
Figure 20. The triangular soil classification chart developed by a 
division of the U. S. Carps of Engineers (lU). 
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FINDINGS 
Preliminary Evaluation of the Data 
Data covering a two-year period from April, 1950, through March, 
1952> were available for evaluation when the installation was dismounted. 
"When readings first were started in April, 1950, unfamiliariigr with 
instruments, mechanical troubles and scheduling difficulties left some 
gaps in the data. During the latter part of the period, failure of some 
of the Bouyoucos blocks and of one line of thermocouples left some gaps. 
Therefore, for the purposes of the evaluation, the period from July 2, 
1950, to July 1, 1951, in which the data were complete was chosen. 
Preliminary evaluation of these data with the realization that the 
installation had been planned to yield more data than needed to realize 
the objectives of the study led to the decision to use the data from 
lines 1, 3, U, 6, 7, 8, and 11 in the soil under tiie shelter, and from 
lines 12, 16, 20 and 22 in the soil outside the shelter. All of the lines 
chosen included both thermocouple and block readings. With 10 thermo­
couples and 9 soil moisture blocks per line, the data from these 11 lines 
each week for 52 weeks contained 5720 thermocouple readings and 51U8 
Bouyoucos block readings, minus a relatively few readings missed due to 
faulty instrumentation or some such reason. 
Soil Classification 
The grain size accumulation curves plotted for the 9 samples from 
different elevations under the barn and for the 9 samples from different 
elevations outside the bam are shown in Figure 22. The classification 
Figure 22. Grain size accumulation curves for the soil at various elevations under and around 
the shelter. 
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of these samples from the curves is given in Table 1. On the basis of 
the U. S. Corps of Engineers Classification (ll|), all samples classified 
as clay-sand. On the basis of the U. S. Bureau of Soils classification 
(33), all except one classified as sandy clay loam, and that one was very 
close in classification as a sandy loam. 
The grain size accumulation curves show that the soil was very uni­
form in texture at all elevations under and outside the barn. It classi­
fied as a clay-sand, or as a sandy clay loam, depending on the classi­
fication used. 
Soil Moisture 
The moisture contents of tiie soil samples taken at various elevations 
when the thermocouples and blocks were installed are listed in Table 2. 
The moisture content is given as a percentage of the oven-dry weight of 
the sample. These same moisture contents have been plotted in Figure 23. 
The readings taken from the Bouyoucos blocks at the various elevations 
in the various lines have been plotted in Figures 2k, 25, 26, 27, 28, 29 
and 30. The plots for the lines in the soil under the shelter, lines 1, 
3, U, 6, 7, 8 and 11, show no appreciable change in the moisture content 
of the soil under the shelter during the entire 12-month period. The 
plots for the lines in the soil outside the shelter, lines 12, 16, 20 
and 22, do show changes in the moisture content of the soil during the 
period in the elevations nearest the surface. The lower moisture content 
of the soil encountered in line 12 evidently!,/ was due to this line being 
located under the eave overhang of the shelter where it was not exposed 
to the precipitation to which the other lines outside the barn were 
6o 
Table 1. Classification of soil at different levels 
{% of sand, silt, clay with gravel omitted) 
Classification 
Elevation Sand Silt Clay U. S. Corps U. S. Bureau 
ft. % % % of Engineers of Soils 
Soil under shelter 
99.5-98.5 5b.9 21.9 23.2 Clay-sand Sandy Clay Loam 
98.5-97.5 52.2 23.2 21*.6 11 11 it u 11 
97.5-96.5 50.0 2U.0 26.0 u u it u tt 
96.5-95.5 52.1 25.U 22.5 ti 11 11 n 11 
95.5-9U.5 53.0 23.li 23.6 it 11 ti it it 
9U.5-93.5 53.6 18.2 28.2 11 11 11 it 11 
93.5-92.5 55.3 21.9 22.8 11 it it n it 
92.5-91.5 5U.6 2U-.5 20.9 it 11 tt 11 it 
91.5-90.5 55.3 21.5 23.2 11 it 11 it it 
Soil outside shelter 
99.5-98.5 53.0 17.6 29.lt Clay-sand Sandy Clay Loam 
98.5-97.5 5U.5 18.5 27.0 it 11 11 it » 
97.5-96.5 52.5 22.1 25.ll it 11 11 it 11 
96.5-95.5 5U.1 21.6 2U.3 it it u 11 » 
95.5-9^.5 55.7 21.lt 22.9 it tt 11 n it 
9U.5-93.5 59.3 19.7 21.0 it tt it it it 
93.5-92.5 61.0 19.8 19.2 it it ti it » 
92.5-91.5 60.1 19.1 20.8 11 tt Sandy Loam 
91.5-90.5 55.U 23.0 21.6 it 11 Sandy Clay Loam 
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Table 2. Soil moisture contents expressed as a percentage of oven-
dry weight as determined by a sampling procedure 
Elev., 
ft. 
Line 
1-% 
Line 
3-3 
Line 
h-% 
Line 
6-% 
Line 
7-% 
Line 
8-% 
Line 
11-% 
Line 
12-% 
Line 
16-% 
Line 
20-% 
Line 
22-% 
99.0 19,6 20.3 19.8 19.2 20.5 19*8 19.5 18.1 18.5 16.5 llt.5 
98.0 17.9 17.8 l8.lt 17.7 17*9 16.9 17.5 15.7 17*9 15.7 Ut.8 
97.0 lb.7 1U.3 llt.O 15.6 15*9 16.1 16.8 13.3 15*8 15.2 15.0 
96.0 13.3 13.7 13.5 1)4.6 1U.5 15*8 15.6 11.0 llt.O 13.5 i5.ll 
95.0 IU.2 Ut.O Ut.O lU.o 13.6 13.9 llt.O 10. It 12.6 12.9 llt.7 
9U.0 13.8 llt.O 13.9 i3.lt 13*6 13.6 1U.1 10.0 12.8 12.1 llt.9 
93.0 1U.9 llt.O lit. 8 lU.U lit.6 13.5 13.9 10.6 12.1 12.1 I5.lt 
92.0 m«6 12.7 1U.6 13.2 13.3 - 13.7 12.0 12.0 12.2 lit.6 
exposed. These plots serve as the basis for the conclusion that the mois­
ture content of the soil under the shelter remained in essentially the 
same state as determined by the sampling procedure and as presented in 
Figure 23. 
The plots of moisture content for the lines in the soil under the 
shelter in Figure 23 all have the same general shape. The moisture con­
tent drops from around 19-20$ at an elevation of 99.0 ft. to about lk% at 
95*0 ft. and levels off. Since the plaster of paris block is rather 
insensitive in this range of moisture content in a sandy clay loam (It), 
the behavior of the blocks coupled with the shape of the plots of moisture 
variation with elevation indicate that, for purposes of determining the 
Figure 23. The variation of the moisture content of the soil expressed 
as a percentage of oven-dry weight with elevation in the 
different lines as determined by a sampling procedure. 
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ELEVATION OF DETERMINATION- FT. 
Figure 2U» Variation in moisture content of the soil with time of 
year for various elevations from 98.0 to 91.0 ft. Data 
pertain to line 1, located at the center line, and to 
line 3, 3 ft. 0 in. from the center line of the shelter. 
65 
ELEVATION 
sao 
97.0 
95.0 
L'NE a 
99.0 
97.0 
9U 
950 
94.0 
91.0 
JAN. SEPT. OCT. NOV DE.C. MAE. APE. MAY JUNE. JULY AUG. 
1951 1950 
Figure 2£. Same as Figure 2h, except data pertain to line U, 5 ft. 
7& in., and to line 6, 7 ft. in. from the center line 
of the shelter. 
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ELEVATION -9S.0 FT 
98.0 
97.0 
96.0 
93.0 
92.0 
91.0 
97.0 
96.0 
93.0 
91.0 
JUNE JULY AUG. OCT. APB,. NOV DEC. JAN. 
1950 1951 
Figure 26. Same as Figure 2lt, except data pertain to line 7, 10 ft. 
6 in., and to line 8, 13 ft. 2§ in. from the center line 
of the shelter. 
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LINE 7 
"ELEVATION • 99.0 FX 
9&g__ 
97.0 
950 
93.0 
92.0 
A 91.0 
LINE 8. 
19.08 
950 
91.0 
NO DATA FOE. 920 FX 
AUG. SEPT. APE. MAY JUNE. JULY OCT DEC. JAN. MAIL 
I950 1951 
Figure 27. Same as Figure 2h, except data pertain to line 11, 16 ft. 
9z in., and to line 12, 20 ft. U in. from the center line 
of the shelter. 
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ELEVAT10 
97.0 
93.0 
93.0 
92.0 
91.0 
UNI 
97.0 
9&0 
93.0 
91.0 
DEC JULY NOV. JUNE. JAN. FEB. AUG. OCT. APE. 
1950 
Figure 28. Same as Figure 2It, except data pertain to line 16, 2lt ft. 
u in. from the center line of the shelter. 
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LIME 16. 
FT. 
98.0 
97.0 
950 
93.0 
v. 
9Z.0 
91.0 
DEC. JAN. MAE. JUNE AUG. SEPT. JULY OCT 
1951 1950 
Figure 29. Same as Figure 2h, except data pertain to line 20, 30 ft. 
U in. from the center line of the shelter* 
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LINE 20. 
i9.0 Ft 
97.0 
96.0 
95.0 
93.0 
92.0 
91.0 
OCT. NOV. DEC. AUG. JULV JAN. FEB. APE. MAV JUNE 
1950 1951 
Figure 30. Same as Figure 2U, except data pertain to line 22, 3h ft. 
0 in. from the center line of the shelter. 
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LIME 22. 
in 
96.0 
95.0 
92.0 
91.0 
NO DATA FOE 9Î.O A MO 94.0 FX 
MAIZ. AUG. OCT JULY SEPT. DEC JAN. NOV 
1931 1950 
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thermal conductivity, the soil under the shelter can be considered at 
field capacity or above. 
Soil Temperature 
The variation of the temperature in the soil at the locations of 
the various lines with time is shown in Figures 31, 32, 33, 3k, and 35* 
Each figure is plotted for a different elevation. Figure 31 is for the 
98.5-ft. elevation; Figure 32, for the 96.5-ft. elevation; Figure 33, 
for the 9U.f>-ft. elevation; Figure 3U, for the 92.5-ft. elevation; and 
Figure 35, for the 90.5-ft. elevation. The actual data have been plotted 
in the uneven curves. The raw data from which these plots were made is 
in the Appendix. Smooth curves have been drawn following these in order 
to smooth out the data for later plots. From these smooth curves values 
have been taken at 10-day intervals throughout the 12-month period. These 
values have been tabulated in Tables 3, U, 5, 6 and 7. 
Figure 36 is a plot of the data in Table 3; Figure 37, a plot of the 
data in Table It; Figure 3% a plot of the data in Table 5; Figure 39, a 
plot of the data in Table 6; and Figure UO, a plot of the data in Table 7» 
These are three-dimensional drawings showing the variation of soil temper­
ature with time of year and with distance from a center line passing 
vertically through a cross-section of the shelter. Figure 36 is drawn 
for the 98.5-ft. elevation; Figure 37, for the 96.5-ft. elevation; Figure 
38, for the 9b«5-ft. elevation; Figure 39, for the 92.5-ft. elevation; 
and Figure 1*0, for the 90.5-ft. elevation. These figures give the overall 
picture of the variation of the temperature in the soil under and outside 
the shelter at various elevations during the entire year. 
Figure 31. Variation in soil temperature with time of year at various 
distances from the center line through the cross-section 
of the shelter as identified by line number. Data pertain 
to the 98.5-ft. elevation, lj- ft. below the surface of the 
floor. 
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Figure 32. Same as Figure 31» except data pertain to the 96.5-ft. 
elevation, 3% ft. below the surface of the floor. 
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Figure 33* Same as Figure 31, except data pertain to the 9U«5>-fte 
elevation, £>2 ft. below the surface of the floor. 
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Figure 3U» Same as Figure 31» except data pertain to the 92.£-ft. 
elevation, 7& ft. below the surface of the floor. 
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Figure 35* Same as Figure 31» except data pertain to the 90.^-ft. 
elevation, 9& ft. below the surface of the floor# 
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Table 3* Temperature data in millivolts taken at 10-day intervals from 
the smooth curves in Figure 31 for an elevation of 98*5 ft* 
Line Line Line Line Line Line Line Line Line Line Line 
Date 1 3 U 5 6 8 11 12 16 20 22 
*781 .737 .730 .729 *717 .709 .723 .736 .763 .821 .81*7 
.789 .751* .716 .71*1* *733 .727 .71*3 .757 .778 .837 .862 
.793 .767 .759 .757 .716 .71*0 .759 .773 .790 .81*7 .872 
.795 .775 .770 .766 .755 .750 .772 .783 .797 .850 .879 
.795 .778 .778 .772 .760 .756 .780 .787 .796 .81*6 .878 
.793 .777 .782 .777 .761 .758 .781 .782 .789 .837 .870 
.789 .773 .782 .777 .759 .756 .778 .772 .771* .815 .853 
8 .783 .766 .779 .776 .751 .751 .770 .757 .75b .790 .828 
H 
.775 .751 .773 .772 .71*2 .714; .757 .737 .728 .758 .797 
H .763 .710 .761 .766 .730 .733 .739 .712 .696 .717 .756 
1» .71*7 .722 .753 .758 .716 .717 .715 .680 .659 .667 .701* 
9 .727 .703 .739 .71*7 .699 .697 .683 .61*1 .611 .608 .639 
.703 .682 .723 .733 .680 .668 .61*2 .587 .517 .536 =560 
"8 .671* .657 .705 .716 .657 .630 .586 .512 .1*66 .1*1*1 .1*60 CO 
0 .61*1 .632 .681* .691* .630 .587 .522 .1*30 .371* .330 ,33k 
§ .608 .606 .661 .670 .600 .51*8 .1*60 .358 .289 .232 .220 
.575 .578 .637 .61*1 .567 .512 .1*09 .301 .216 .153 .139 
h .#*1* .553 .609 .612 .536 .1*77 . 369 . 253 .159 . 096 . 079 
h .515 .526 .585 .582 . 507 .1*1*5 .336 . 212 .116 .056 .036 
g .1*90 .1*98 .559 .557 .1*85 .1*21* .307 .177 .083 .027 .001* 
ti .1*70 .1*76 .537 .536 .1*68 .1*09 .283 .150 .058 .008 -.011* 
«u 
% .1*57 .li59 .521 .521 .1*57 .398 .267 .131 .01*3 -.003 -.026 
.1*1*8 .1*1*9 .510 .513 .1(50 .392 .253 .118 .033 -.010 -.031 
.1*1*5 .UUU .501* .510 .1*1*5 .387 .21*8 .110 .027 -.010 -.030 
H .1*1*7 .1*1*7 .501* .510 .1*1*1* .386 .21*8 .110 .027 -.007 -.026 
# .U5U .1*56 .507 .511 .W16 .387 .255 .117 .037 .003 -.015 
5 .1*67 .1*70 .511* .517 .1*51 .391* .269 .133 .055 .023 .007 
1 .1*86 .1*90 .525 .523 .1*62 .1*07 .290 .159 .036 .055 .01*1* 
6 .510 .516 .5U0 .533 .1*78 .1*26 .318 .196 .133 .105 .098 
T .51*0 .51*5 .557 .5U6 .1*99 .1*50 .35U .21*8 .202 .179 .180 
h .571* .575 .576 .563 .523 .1*80 .1*00 . 319 .291 .278 . 281* 
.608 .602 . 597 .581* .51*9 .511* .1*53 .397 .387 .383 .381* 
.61*1 .626 .621 .608 .577 .51*9 .509 .1*79 .1*82 .1*87 .1*81 
.668 .61*9 .61*6 .629 .606 .581* .560 .51*9 .570 .570 .570 
.690 .671 .668 .656 .633 .618 .608 .606 .630 .635 .61*3 
.708 .692 .692 .679 .659 .61*7 .650 .653 .678 .686 .697 
.721* .711 .712 .703 .686 .673 .686 .692 .717 .726 .738 
5-day .732 .721 .722 .713 .698 .686 .703 .709 .735 .71*1 .753 
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Table 5. Temperature data in millivolts taken at 10-day intervals from 
the smooth curves in Figure 33 for an elevation of 9U*5> ft» 
Line Line Line Line Line Line Line Line Line Line Line 
Date 1 3 1* 6 7 8 11 12 16 20 22 
.622 .613 .607 .606 .603 .598 .598 .600 .601; .611; .602 
.637 .627 .623 .622 .619 .616 .615 .623 .629 .6U7 .6U6 
.651 .61i2 .639 .637 .63U .633 .633 .614; .652 .676 .682 
.662 .651* .653 .650 .6U8 .617 .6U8 .661 .672 .700 .710 
.671 .663 .662 .661 .658 .659 .661 .671; .686 .716 .727 
.677 .670 .670 •669 .666 .668 .671 .683 .693 .726 .738 
.680 .673 .673 .672 .670 .672 .677 .688 .695 .727 .7U2 
.679 .671; .671; .673 .670 .673 .678 .687 .692 «722 .739 
.677 .672 .673 .672 .670 .671 .676 .683 .686 .713 .730 
• .671 .669 1.670 .670 .668 .668 .670 .671* .675 .698 .711; 
.669 .661; .666 .665 .662 .660 .662 .660 .657 .676 .693 
.663 .657 .659 .658 .655 .651 •6Lj.9 .6Hl •636 -6U7 .663 
.651* .6U8 .650 .650 •6bh .639 .630 .616 .607 .610 .625 
.613 .637 •6Î4.I •6I4.O .631 .622 .606 .583 .572 .567 .578 
.628 .626 .629 .628 .616 .603 .578 .514; .530 .517 .525 
.611; .613 .617 .615 .599 .580 •5U7 .501; •U81; .1*63 •I4.66 
.599 .599 .603 .598 .581 .#6 .515 •U6U .U37 .1*08 .U06 
.581 .586 .588 .582 .561 .530 .1*82 .U27 .392 .357 .3U8 
.561; .570 .570 .563 •5U0 .507 .1*1*9 .393 .350 .309 .296 
.550 •555 .555 .51*5 .520 .1*81; .1*18 .363 .311; .265 .2U8 
.537 .51*1 .537 .527 .1*99 .1*63 .391 .335 .282 .226 .206 
.526 .529 .521 .510 .U80 .1*1*3 .366 .313 .256 .196 .171; 
.519 .520 .508 .1*97 •U65 .U26 •3U6 .295 .231; .171 .150 
.511; •513 .198 .1*87 .1;53 .1*12 .332 .280 .217 .151; .131; 
.511 .509 .1*93 .U80 .1*17 .U02 .322 .270 .203 .1U2 .125 
.511 .508 .1*90 .1*79 .a5 .397 .318 .262 .196 .139 .122 
.513 .508 •U90 .U80 .1*1*5 .396 .317 .260 .193 .mo .126 
.517 .510 .1*93 .1*82 .1*1*7 .399 .320 .263 .197 .1U8 .137 
.521 .515 .U97 .1*86 .1*50 ,1;06 .330 .272 .209 .165 .151; 
.526 .519 .503 .190 .1*55 .106 .315 .288 .231; .190 .182 
.531; .526 .510 .U97 .1*63 .U3X .368 .317 .272 .227 .223 
.51*0 .532 .518 .506 .1*76 .U50 .398 .360 .323 .281; .277 
•5U8 .51*0 .527 .517 .1*93 .U72 •U35 .U08 .381 .357 .3U6 
.558 .51*9 .538 .530 .511 .1*96 .1*79 .1*56 .14*1 .1*31 .1*17 
.568 .560 .550 .5UU .532 .520 .507 .U99 .1*91* .1*88 .U80 
.580 .573 .561; .558 .550 •51;5 .537 .531* .537 .536 .531; 
.593 .587 .578 .573 .570 .568 .561; .561; .573 .575 .576 
.600 •593 .581; .581 .579 .579 .577 .577 .587 .593 .596 
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Table 7. Temperature data in millivolts taken at 10-day intervals from 
the smooth curves in Figure 35 for an elevation of 90.5 ft. 
Line Line Line Line Line Line Line Line Line Line Line 
Date 1 3 U 6 7 8 11 12 16 20 22 
.555 .5U7 .516 .515 .537 .529 .519 .512 .50U .503 .192 
.568 .562 .559 .559 .552 .517 .538 .536 .530 .53U .529 
.583 .577 .573 .573 .567 .565 .558 .558 .557 .56U .560 
.593 .587 .585 .585 .580 .580 .575 «577 .577 .590 .589 
•6oU .598 .595 .595 .590 .592 .588 .590 .593 .610 .610 
.615 .608 .603 .603 .600 .602 .600 .602 .607 .625 .626 
.622 .617 .612 .612 .608 .612 .611 .612 .618 .637 .61*0 
g .628 .622 .620 .620 .617 .620 .618 .618 .626 .61*U .61*8 
.630 .626 .62U .62Î+ .620 .62U .622 .622 .629 .61&8 .653 
h .631 .627 .626 .626 .625 .627 .626 .625 .630 .61*7 .65U 
h .630 .626 .625 .625 .625 .626 .625 .621; .628 .6U2 .650 
g .628 .623 .622 .622 .622 .622 .622 .621 .621 .633 .61*2 
.62U .620 .620 .619 .620 .618 .617 .611 .609 .620 .628 
I .619 .617 .617 .613 .613 .610 .607 .600 .596 .602 .608 
o* .611* .610 .610 .607 .606 .600 .591 .582 .576 .577 .583 
£ .607 .601* .603 .598 .595 .587 .577 .561* .552 .518 .553 
H 
.598 .597 .595 .590 .581* .575 .560 .51*7 .528 .516 .520 
h" .588 .590 .587 .582 .572 .560 .537 .522 .500 .1*80 .1*83 
X .576 .582 .577 .572 .559 .5UU .517 .500 .1*72 .1*1*3 .1*141 
3 .561* .570 .561* .560 .51*6 .528 .1*96 .1*77 .1*1*3 .U01* .3 99 
^ .551 .557 .519 .5U3 .531 .513 .1*75 .U5U .1*11* .371 .362 
a 
§ .538 . 51*2 .535 .533 .513 .L92 .1*53 .1*32 .386 .339 .330 
I .526 .527 .520 .517 .1*96 .1*75 .1*33 .1*09 .360 .313 .303 
.516 .516 .509 .502 .1*80 .1*58 .1*13 .386 .339 .289 .280 
™ .509 .507 .500 .1*90 .1*67 .1*1*1* .396 .365 .321 .269 .261 
S .507 .502 .1*96 .1*83 .1*58 .1*31 .382 .31*7 .307 . 251* .21*6 
h .505 .500 .1*91 .1*78 .1*51 .1*22 .371 .331* .296 .21*3 .236 
•g .503 .1*98 .1*90 .1*75 .I1I18 .1*16 .366 .327 .290 .239 .232 
1» .501 .1*97 .1*89 .1*72 .1*U5 .Ull .362 .321* .290 .21*0 .233 
$ .500 .1*97 .1*90 .1*71 .1*1*5 .Ull .36U .329 .296 .2U9 .21*1 
o .501 .U98 .U91 .U72 .UU7 .U13 .371 .3U0 .310 .265 .256 
H 
.503 .U99 .U9U .U76 .U50 .U21 .382 .356 .329 .288 .278 
.506 .502 .U98 .U81 .U58 .U32 .397 .376 .35U .318 .307 
.510 .507 .50U .U88 .U68 .1*U7 .UlB .U02 .381 .35U .3Ul 
.516 .510 .509 .U97 .U78 .U63 .U39 .U28 .U09 .391 .377 
.523 .516 .516 .506 .U89 .U79 .U59 .U53 .U38 .U27 .U13 
.531 .52U .52U .515 .502 .U96 .U79 .U77 .U66 .1*60 .UU7 
5-day .536 .529 .529 .520 .509 .503 .U89 .U88 .U78 .U75 .U62 
Figure 36. Three-dimensional (time, temperature, horizontal distance) 
drawing showing the variation of soil temperature with 
time of year and distance from a vertical line passing 
through the center of a cross-section of the shelter and 
shelter floor» (Isotherms are drawn with respect to 
distances from this center line and time of year. Thus 
an isotherm is not for a constant time of year. Data 
pertain to the 98.£>-ft. elevation, !•§• ft. below the 
surface of the floor. For the explanation of points 
A and A', B and B', C and C', see text.) 
m On 
Figure 37» Same as Figure 36, except data pertain to the 96.^-ft. 
elevation, 3& ft. below the surface of the floor. For 
the explanation of points A, B, C, see text. 

Figure 38. Same as Figure 36, except data pertain to the 9h»$~ft. 
elevation, Si ft. below the surface of the floor. 
Ox On 
Figure 39. Same as Figure 36, except data pertain to the 92.5-ft. 
elevation, 7& ft. "below the surface of the floor. 
# / k / te / ft / 4P 
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Figure 1*0. Same as Figure 36, except data pertain to the 90.5-ft» 
elevation, 9i ft. below the surface of the floor. 
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If any two of these quantities plotted — time, temperature, distance 
from the center line — are known for a specific elevation, the third can 
be obtained from these figures. For example, if, at an elevation of 98.5 
ft., the date on which the soil is at Uli°F. at a distance of 20 ft. if. in. 
from the center line is desired, the reference is to Figure 36. This 
figure applies to the elevation 98.£ ft. Find the intersection of the 
UU°F. isotherm with the temperature curve (sine shape) drawn from 20 ft. 
li in. from the center line. Since there are two such intersections, A 
and A', there will be two dates on which this occurs., Project lines 
vertically from A and A' to intersect a line drawn from 20 ft. U in. from 
the center line parallel to the time scale (30° with the horizontal) at 
B and B1. Project lines from B and B' parallel to the distance scale 
(30° with the horizontal) to intersect the time scale at C and C1. Then 
read the dates at C and C', about December 15 and April 22. These are 
the dates desired# 
A second determination is shown on Figure 37, drawn for the 96.£>-ft.. 
elevation. It is desired to find the temperature in the soil at the 
96.5-ft. elevation 10 ft. 6 in. from the center line on March 1. Project 
a line from the date, March 1, at A parallel to the distance scale (30° 
with the horizontal) to intersect a line from 10 ft. 6 in. from the 
center line parallel to the time scale (30° with the horizontal) at B. 
From B drop a line vertically to intersect the temperature curve (sine 
shape) drawn from 10 ft. 6 in. Read the desired temperature of 52»2°F. 
All five figures are used in the same manner. 
These five figures show that from the center line of the shelter 
io£ 
for a distance of approximately 6 ft., the temperature in the soil under­
neath dropped only to a common low of 56°F. during the entire year from 
the 90.5 elevation to the 98.5-ft. elevation, except for one area at the 
98.5-ft. elevation. This lower temperature in the soil at the 98.5-ft. 
elevation is due to the use of water to wash down the gutters and alley 
behind the cows. The evaporation of this water had a cooling effect on 
the floor, which effect was transmitted to the soil at the 98.5-ft. 
elevation. Some indication of this effect is apparent at the 96.5-ft. 
elevation in the dips taken by the 56°F. isotherms on Figure 37. 
The patterns of the lines of constant temperature (isotherms) in the 
soil under and around the shelter at various times during the study are 
shown in Figure Ul. Since the data do not include the floor ins elf, only 
the 9 ft. of soil between elevations of 99*5 and 90.5 ft. is shown on 
these plots. Arbitrarily, two points in the soil 6 in. under the surface 
of the floor have been chosen from which to follow the line of heat flow 
for the 12-month period. Point A is 6 ft. from the center line through 
the cross-section of the barn and point B is 12 ft# from this center line. 
Dotted lines indicating the path of heat flow to or from points A and B 
have been drawn at right angles to the isotherms in Figure Ul, 
Point A is under the area in the barn where the cows lay. Temper­
atures in the soil under this spot have been affected some by the heat 
from the cows. Point B is under the concrete manger in an area which 
should not be affected by animal contact or cleaning water. The area 
near the center measured by lines 1 and 3 shows the effect of the water 
used to clean the gutters and the alley behind the cows. 
Figure 1|1. Isotherms in the soil under and around the shelter between 
the elevations of 99.5 and 90.5 ft. on 13 dates between 
July 1, 1950, and July 1, 1951• 
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By reference to Figure 1*1, it can be seen that on 7-2-50, heat flow 
was away from both points A and B in an almost vertical direction between 
a temperature differential in 9 ft. of 10°F. under A and 11°F. under B. 
The heat flow was the same direction on 8-6-50, but the temperature dif­
ferential in 9 ft. was 10°F. under both A and B. On 8-27-50, the effect 
of the heat from the cows became apparent under A, but heat flow basically 
remained in a vertical direction away from A and B with a temperature 
differential in 9 ft. of 7°F. under both. 
On 9-2U-50, the direction of heat flow had reversed, with heat flow 
to A and B from a warm spot below the floor with a temperature differ­
ential in 1 ft. of 3°F. under A and 2°F. under B. 
By 10-22-50, the direction of heat flow again had reversed, being 
away from A and B in a vertical direction. However, the temperature 
differential was only 3°F. in 9 ft. under both. On 11-19-50, there was 
a constant temperature area under B, and thus no flow of heat. The flow 
of heat from A was directed toward the soil under the center of the 
shelter. The heat flow from A on 12-31-50 was directed toward the slab 
near the center of the shelter. Again, there was a constant temperature 
area under B. Both A and B were gaining heat from a constant temperature 
area on 1-28-51. 
By 2-25-51, both A and B were losing heat to the surface of the soil 
outside the barn. On 3-21-51, B was gaining heat from a constant temper­
ature area under A« Again on U-22-51 both A and B were losing heat to 
the soil outside the barn. On 5-30-51, the direction of heat flow from 
A and B was downward, curved toward the soil outside the barn. By 
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6-2li-5>l, the heat flow from A and B had reached a more vertical direction, 
the path being curved only slightly towards the outside of the barn. 
Neither the soil temperatures or the isothermal patterns on 6-2lj-5l 
had returned to the same state as on 7-2-5(3e This could have been due 
to the fact that the period was 8 days short of a complete year, or to 
the fact 1hat the temperatures of the air outside the barn (35) plotted 
in Figure 1*2, were below normal during most of the period covered by 
the study. 
The heat flow through the soil under the shelter, as evidenced by 
the action at points A and B, in quantity is very small. Gemant (10) 
calculates a coefficient of heat transfer (k) of approximately 0.10 cal./ 
(cm.) (sec.) (°C) for soil at a moisture content of 20%. This converts 
to It.5 Btu/(ft.^) (hr.) (°F.)/in. The work by Kersten (20) gives a 
k-value of approximately 9.0 Btu/(ft.%) (hr.) (°F.)/in. for soil of the 
type encountered in this study and at the moisture range in which it 
existed. The heat passing through 1 ft.2 area of soil with a k value 
of 9.0 Btu/(ft.2) (hr.) (°F.)/in. and with a temperature differential 
of 10°F. in 9 ft. is less than 1 Btu/hr. This can be neglected in normal 
design calculations. 
The patterns and directions of heat flow in the soil are much more 
important in this study than the quantity of heat flowing. During the 
warmer months (May, June, July, August), the flow of heat was away from 
A and B. The soil had a cooling effect on these points, and hence on 
the shelter. During September, October, November, December, January and 
March, the flow of heat was to points A and B, or there was no heat flow 
Figure l|2. Average monthly temperatures and departures from normal, 
and average monthly precipitation and departures from 
normal for 1950 and 1951 (35)® 
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due to an area of constant temperature. Hence in these colder months 
the soil had a warming effect at points A and B. Only in February and 
April was there a flow of heat from A and B through the soil to the soil 
outside the shelter. 
These heat flow patterns point out the possibility of using the soil 
under an animal shelter as a heat reservoir to act as a sink to absorb 
heat in the warmer months and as a reservoir to provide heat in the colder 
months. The temperature of the soil at a depth of 29 ft. is close to 
constant at £2°F. (7)« Figures 36, 37, 38, 39 and ItO have shown that 
from the center line of the shelter for a distance of approximately 6 ft., 
the temperature in the soil dropped only to a common low of 56 °F. during 
the entire year from the 90.5 to the 98.5-ft. elevation. The temperature 
of this reservoir will not be below 52°F. in the colder months, and 
possibly will be higher. As long as the temperature maintained inside 
the shelter is lower than this in colder months and higher than this in 
warmer months, the above possibility exists. This study was restricted 
to the area of the soil from 6 in. to 9 ft. 6 in. below the surface of 
the concrete slab. Therefore no statements can be made regarding temper­
atures or heat transfer in the area between the surface of the slab and 
6 in. below this surface on the basis of tiiis study. However, studies 
on dwelling floors (9, 3, 1, lit, 15) by others have shown the advis­
ability of providing an insulated break between the slab and the outside 
wall. If this insulation were carried down along the inside of the 
foundation wall to a minimum depth of 2 ft. below the surface of the 
floor, this should have the effect of changing the directions of the 
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isothermal lines in the soil under the slab to keep the direction of 
heat flow to and from the slab more nearly in a vertical line. If the 
direction of this heat flow can be kept vertical, or nearly so, then it 
should be possible to make use of the soil under the slab in an animal 
shelter as a reservoir to help cool the shelter in the warmer months 
and warm it in the cooler months. In this case it would be a definite 
advantage not to have the floor of the shelter insulated from the soil 
under it. In fact, an earth floor would serve as well as an uninsulated 
concrete slab. 
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CONCLUSIONS 
1. The moisture content of the soil under the uninsulated concrete floor 
of the animal shelter studied showed an equilibrium condition of the 
moisture content being highest immediately under the floor and decreasing 
from this high to a depth of 5 ft. below the surface, at which depth the 
moisture content became constant to the depth of 9 ft. investigated. The 
soil under the floor classified as a sandy clay loam. 
2. The moisture content of the soil under the animal shelter studied 
remained practically constant throughout the year after the concrete 
floor had been in place long enough for the soil to reach an equilibrium 
condition of moisture content. 
3. The soil under an uninsulated concrete slab in an animal shelter, for 
purposes of determining the thermal conductivity of the soil, can be con­
sidered to be at or above a moisture content equivalent to the field 
capacity of the soil. 
It. The heat movement in the soil under the shelter towards or away from 
the shelter was less than 1 Btu/hr. for each ft.^ of floor area. This 
is based on a coefficient of heat transfer of 9 Btu/(ft.%) (hr.) (°F.)/ 
in., and the low temperature gradient found in the soil. This quantity 
can be neglected in aqy ordinary heat balance. 
5. The temperature in the soil under an area approximately 6 ft. from 
the center line through a cross-section of the 36-ft. wide shelter dropped 
only to a common low of 56°F. during the entire 12-month period from the 
90.5 to the 98.5-ft. elevation. Elevation of the surface of the floor 
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was 100.0 ft. 
6. There appears to be no advantage to insulating the floor of an animal 
shelter which is to be maintained at a temperature below 5>2°F. in the 
colder months and above $6°F. in the warmer months from the soil on which 
it rests. This does not preclude the possibility of using area insulation 
under heating installations in the floor or for such other special 
purposes. 
7. The possibility exists of using the soil under an animal shelter 
maintained at a temperature below £2°F. in the colder months and above 
£6°F. in the warmer months as a heat reservoir to act as a sink to absorb 
heat in the warmer months and as a reservoir to provide heat in the colder 
months. The quantity of heat absorbed or provided will be small, and will 
not provide adequate capacity to heat or cool the shelter. However, it 
will be a desirable contribution. One possible way of making use of 
this soil as a heat reservoir is to insulate the inside of the foundation 
wall both from the floor slab and down into the soil a minimum distance 
of 2 ft. below the surface of the floor. 
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Development of Mathematical Solution 
to Heat Flow Problem Set Up in Figure 2 
The general two-dimensional heat flow equation is 
\ 2 \ 2 
+ -2— = 0 where v « temperature, 
ox oyz 
A solution of Eq. 1 which satisfies the boundary conditions indicated 
in Figure 2 is 
, , - mrry 
v » ^o + m cos ~j~ e ^ + By . 
2 L 
m • 1,2,3.»• • • 
When y = 0, Eq. 2 reduces to 
~L 
A L 4 A mrrx , n v = o + L- m cos —j— since e =1. 
2 
When y = °° , Eq. 2 becomes 
t y  °  1  * 
Therefore, put 
f(x) = Ao + cos 
where 
f(x) = T° for 0 < x <_ | 
and 
Then 
f(x) » 0° for Ï <C_ x<L . 
L L 
A„ 2 I 2 T° (!) dx + 2 f 0° (1) dx , 
° = L 
0 yL 
m = 0,1,2,... 2 
= 2 (T) L = T . 
T 2 
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And 
T° cos mj X^ dx + 2 Ç 0° cos dx, 
2T Ç 
r i  
mrrx ^ 
cos — dx , 
x = L 
2T 
™r cos 
x = 0 
g 2T I 
L mrr 
where oc ° mirx . 
L 
x = | 
x = 0 
nvrrx , f mrrx 
L 
cos oC. d oc. , 
mrr 
(9) 
Substituting x = L in Eq. 9» 
2 
oC= mrr -g 
mrr 
2 
Then 
2T 
mrr 
o(. — m it 
2 
'c<.= 0 
cos oC doC, 
o<.= mTT 
\ 2 
2T [ sin oc 
mir z oC« 0 
2T sin mrr . 
mir 2 
(10) 
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Therefore 
~2 
* • is * Lk — + By 1 
m = 1,2,3* 
where 
and 
Evaluating Eq. 10, we have 
and 
A0 - T (9) 
= 2T sin mrr • (m = 1,2,3, •••) (10) 
mrr 2 
Am = 2T_ [ + 1] for m = 1,3,5, ... (11) 
mrr \~ / 
A JJJ = 2T 0 for m = 2,U,6, ... . (12) 
mrr \ J 
B is obtained from Eq. Ur 
à v = B • 
"3y L (U) 
y = 
At y - 0, 
v = I T + 2T cos mTTx , 
2 \ I mrr L 
(m ° 1,2,3, »..) 
« T + 2T i 1 cos tt x - 1 cos 3ttx + 1 cos 5ttx - ...1(13) 
2 tt ( Ï ~T" 3 "T 5 L 
for 0 < x < L . 
From Dwight (10), itl6.06, 
i cos - i cos ^ cos^p - ... j = IT (lU) 
for 0 < x <" L . 
2 
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So, for y = 0, 
v = T + 2T ( TT | = T° for 0 < x < L . (15) 
2  "  ( F )  2  
For any value of x and y, 
-3JTTZ 
L 
I +  f ( Ï =°=Sr ="^-3 cos e 
- 5 TT y 
+ 1 cos "L1"1*X e - ... | + By . (16) 
i 1 / i 
Jolley (1?), 260, gives the following formula: 
a cos & - a? cos 3 © + a^ cos 5© - ... oo *= 
T T 
-1 
1 tan 2a cos 9 . 
2 . 2 (17) 
1-a 
Taking _ JT_Z 
a = e ^ 
and 
e - 3I2E » 
L 
Jolley's formula yields 
- TfJT - 3Tty - 5TTy 
e cos TTx - e cos 3ttx + e cos 5rrx - ... c-o 
L L L 
- Try 
-1 L 
= 1 tan 2e cos irx 
2 L . (18) 
l-e"^ 
(For range of validity, see later.) 
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Therefore, using Eqs. 18 and 16 yields 
-TTy 
T 
~ f + fr ( ^ tan"1 2e cos 
ttx 
L 
- 2TTy 
1-e I 
+  ? •  
(19) 
If x = y = 0, 
tan ^  2e 
- tt_2 
L 
cos 
ttx -1 -1 tan 2 = tan oo = tt . 
" 2£Z 
1-e 
So, for x = y = 0, 
v «= T + 2T 
2 tt 
f 1 I /TT ) = T + T = T°, 
2 2 2 2 
(20) 
(21) 
which checks the boundary conditions. 
When x / 0, if y = 0, Eq. 20 reduces to an odd-term alternating cos series 
which by Dwight (10), 1*16.0f>, is valid only for the argument of the cos 
up to Tf. Therefore, we conclude that Eq. 19, 20 and 21 are valid only 
2 
to x = L 
2 
if x = L + z, 
2 
cos ttx = cos "tt 
1 1 
L + z I = cosfTT + TTz j » - sin TTz , (22) 
and 
cos 3ttx = cos 3tt L + z = cos 
L 12 / 
3tt + 3tt z | = sin 3irz 
2 L L 
(23) 
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and 
cos 5ttx = cos 5"tt [ L + z I - cos I 5tt + 5rrz = - sin 5ttz • (2U) 
L L [2 J 1 2 L / L 
By Dwight ( 10), 1*01.03, 
cos ( TT + "TTZ = cos rr cos TTz - sin TT s in TTZ , 
[ 2 L J 2 L 2 L 
= 0 - sin TT sin TT z , 
2 L 
= - sin TTz . 
L 
(25) 
Likewise, 
cos I 3tt + 3TTz 
2 L 
sin 3ttz 
L (26) 
and 
cos / 5tT + 5Trz = sin 5ttz 
T "T™ / L 
(27) 
from Eq. 16 and Eqs. 22-27, 
- Try - 3iTy 
L L 
e cos ttx - 1 e 
L 3 
- 5Try 
L 
cos 3TTx + 1 e 
~ 3 
- 3Try 
cos 5~rrx - ..< 
L 
- £TT£ 
- 22 , , _ 
e "k ( - sin TT z ) - 1 e ^ f sin 3jrzj+ 1 e ^ 
/-JX 
- e 
¥ 
3 
- 3 Try 
- sin 5TTZ 
L 
\ 
- 5~rry 
sin ttz + 1 e L sin 3ttz + 1 e L sin 5ttz + ...). (28) 
L 3 L 3 ~L~" 
Now use Jolley (19), 258, with 
and 
Q = TTz 
L 
-3TZ 
3 , - 6  I *  
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to get 
- Try 
Eq. 28 = - 1 tan'1 2e L sin rr z , 
L 
- 2-rry 
1-e L 
= /- 1W TT 1 = -TT when y = 0. 
2 T T 
From Eqs. 20 and 29, we get 
- TQ[ - 3Try - 5Try 
I 6 C T 
T T T 
e cos TTX - l e  c o s  3TTX + 1 e cos £TTX - ... 
, -i SS mm T , "J" — L • 1 tan 2e sin TTZ . 
2 
— 
- g Try 
1-e 1 
Putting Eq. 30 in Eq. 16, we get 
v = T + 2T I - TT I = T - T = 0° 
2 W [ rj 2 2 
which satisfies the range L < x <. L for y = 0 of the boundary 
2 
conditions. 
In terms of x, the term sin TT z in Eq. 29 becomes 
L 
sin TT z = sin TT I L - x I = sin ( TT - TT x i « 
T* IT [ 2 J y 2 L 
By Dwight (10), 1*01.02. 
sin (it - TTX = sin IT cos TT X + cos TT sin TTX = cos ~TT X \T IT J T "T" T ~TT IT 
So Eq. 29 becomes . 
- TT£ - 3Try - E>Try ^ 
Î K cos TTX + 1 e L cos 3TTX + 1 e L cos $nx 
L 3 L 1 y 
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-i "T* 
- 1 tan ~ 2e cos TTX 
- 2Try 
1-e L 
putting Eq. 35 in Eq. 16, we get 
v = T + T 1 tan 2e 
- 2rry 
(35) 
/ -212 \ 
v = T - T / 1 tan"1 2e L cos ~ I + By 
2 TT ("2 _ 2Try J L 
\ 1-e L / 
for L < x < 1 • (36) 
2 
This is tiie same as Eq. 19 except for a sign change: 
for 0 < x < L . (19) 
2 
B is a constant to be determined experimentally from 
à v = B 
-3y L 
y—*- o0 
For example, referring to Figure 1*1, for July 2, 1950, where the isotherms 
are approximately horizontal under the barn floor, 
at 6 ft. below the surface, T = 58?F., and 
at 8 ft. below, T = 56°F. 
Therefore, 
à v = 58-56 2 = - l°F./ft. 
"cJy ™CT" %2 
133 
B L 
y 
' à v \ = 36 [ -1 ) = -U°F. 
^ T 
when 7 = 9 ft. with L = 36 ft. 
This is the value of B on July 2, 1950. 
13b 
Raw Data 
Elevation of surface of concrete floor is 100.0 ft. 
Unit of thermocouple readings at —.5 ft. elevations is millivolts. 
Unit of block readings at —.0 ft. elevations ohms/1000. 
Elev. , Line Line Line Line Line Line Line Line Line Line Line 
ft. 1 3 b 6 7 8 11 12 16 20 22 
Date: 7-2-50 
99.5 .318 .79b .793 .783 .786 .785 .783 .782 .820 1.09 .910 
99.0 •2b .23 .33 .bO .21 .62 .35 .50 •bk .02 •b7 
98.5 .783 .7b0 .733 .731 .720 .712 .727 .739 .766 .828 .350 
98.0 .20 .16 .2b .39 •b3 .59 .38 .57 .50 .63 .b7 
97.5 .731 .696 .688 .691 .683 .677 .686 .700 .722 .767 .773 
97.0 .26 • 2k .27 •b6 .52 .71 •b5 •6b .5b .52 .b2 
96.5 .683 .663 .658 .660 .653 .650 .651 0665 .680 .707 .709 
96.0 .21 .16 .20 .26 .53 .65 .52 .59 .61 •b2 .b2 
95.5 .652 0637 .632 .636 .629 .623 .623 .638 .6b0 .660 .659 
95.0 .23 .27 .2b .31 .bo .58 .61 .50 .59 •b9 .39 
9b.5 .627 .611+ .609 .610 .605 .601 .600 .603 .609 0621 .612 
9b. 0 .23 .30 .2b .36 .51 •b6 .bB .bB .57 .b3 -
93.5 .603 .59b .590 .590 .583 .580 .576 .575 .579 .588 .579 
93.0 .23 .28 .21 .27 .38 .55 •bb •b3 •b7 .30 -
92.5 .58b .577 .573 .572 .568 .561 .556 .552 .553 .55b •5b9 
92.0 .25 .22 .2b .31 .26 - .32 .39 •3b .28 .bo 
91.5 .570 .563 .559 .559 .551 .5b6 .538 .533 .530 .531 .521 
91.0 .31 •2k .33 .50 .50 •b9 .hi .38 .bb .29 .33 
90.5 .557 .550 .5b7 •5b7 .539 .533 .522 .517 .511 .509 .500 
Date: 7-9-50 
99.5 .326 • 79k .798 .787 .790 .791 .798 .781 .795 .917 
&
 
CO 
•
 
99.0 o2k .22 .3b .bo .21 .59 .33 .57 .56 .61 .bB 
98.5 .792 .760 .75b .7b9 .7b0 .732 .752 .759 .770 .827 .859 
98.0 .21 .17 .25 .39 •b5 .58 .36 .55 .50 .6b •b3 
97.5 •7b6 .71b .709 .708 .699 .69b .708 .723 .7b0 .780 .799 
97.0 .27 .25 .28 .b6 .53 .69 •b3 .57 .55 .55 .b2 
96.5 .699 .680 .676 .67b .667 .666 .670 .686 .701 .730 .7b2 
96.0 .21 .17 .20 .27 o55 .65 .52 .59 .61 •bb .bl 
95.5 .668 .652 .650 .650 .6b2 ,6b0 .6b2 .657 .659 .687 .69b 
95.0 •2k .27 .2b .31 .bo .58 .60 .50 .58 .52 .37 
9b.5 .61*3 .630 .630 .628 .620 .617 .619 .625 .628 •6b9 •6b9 
9b.0 .23 .30 .2b .39 .51 •b7 .bB •b7 .56 .b5 -
93.5 .621 .610 06O8 .606 .600 .599 .59b .595 .598 .613 .611 
93.0 .26 .28 .23 .28 .39 .5b .b7 .55 •b9 .33 -
.603 .592 .591 .589 .581 .579 .57b .572, .573 .582 .579 
92.0 .25 .27 .25 .32 .25 - .32 .39 •3b .29 .39 
91.5 .588 .579 .576 .57b .566 .561 .557 .552 .551 .557 .5b8 
91.0 .31 .2b .33 .50 .b9 .b5 .bo .38 .bb .29 .32 
90.5 -57U .566 .563 .561 .552 .5b9 •5b0 .537 .530 .530 .52b 
135 
Raw Data (Continued) 
Elev., Line Line Line Line Line Line Line Line Line Line Line 
ft. 1 3 1+ 6 7 8 11 12 16 20 22 
Date: 7-16-50 
99.5 .822 .791 .791+ .781 .792 .778 .785 .781 .788 1.09 .91+7 
99.0 .26 .22 .35 .1+2 .21 .60 .31+ 1.05 .68 .61 .55 
98.5 .731 .71*1+ .71+1 .737 .728 .719 .738 .753 .767 .328 .852 
98.0 .21 .18 .26 .1+0 .1+6 .59 .37 .61 .55 .61 .U5 
97.5 — .700 .696 .697 .688 .685 .697 .719 .73U .783 .902 
97.0 .28 .27 .28 .'*5 •5U .69 .1+2 .55 .58 •5U .L3 
96.5 .690 .669 .663 .667 .660 .658 .662 .687 .702 .71+0 .753 
96.0 .22 .18 .21 .26 .57 .61+ .51 .58 .61 .1+1 .1+1 
95.5 .661 .61+2 .61+0 .61+3 .636 .635 .637 •663 .668 .701 .711 
95.0 .23 .27 .23 .32 .1+1 .57 .60 .50 .59 .52 .37 
9L.5 .637 .621 .618 .620 .615 .612 .612 .631 .637 .667 .669 
91+.0 .21* .30 .23 .39 .50 .1*7 .1+8 .1+6 .57 .1+5 -
93.5 .615 .600 .598 .601 .593 .592 .590 0602 .609 063I+ .635 
93.0 .26 .29 .21+ .28 .1+0 .51+ .1+1+ .55 .1+8 .33 -
92.5 .598 .582 .572 .582 .576 .573 .568 .578 .592 .602 .600 
92.0 .25 .26 .25 .31 .25 - .31 .38 .31+ .29 .39 
91.5 .579 .567 .566 .568 .559 .555 .550 .539 .559 .571+ .568 
91.0 .33 .25 .31+ .51 .1+8 .1+7 .38 .38 .1+1+ .30 .32 
90.5 .566 .555 .552 .553 .51*7 .512 .531; .5U1 .5W .551 .51*6 
Date: 7-23-50 
99.5 .797 .777 .781 .775 .776 .771 .781 .780 .789 .882 .860 
99.0 .27 .23 .3U .1+0 .21+ .59 .36 2.10 .78 .79 .70 
98.5 .772 .752 .751 .71+5 .736 .729 .71+9 .758 .769 .808 .832 
98.0 .21+ .21+ .26 .37 .1+1+ .58 .36 .61 .55 .71 •1*1* 
97.5 .735 .719 .713 .712 .703 .701 .711 .729 •7l*9 .777 .791* 
97.0 .29 .21+ .28 .36 .51+ .70 .1+1+ .57 .57 .55 •ill* 
96.5 .702 .691 .688 .686 .680 .678 .683 .701 .711 .7L2 .759 
96.0 .22 .16 .20 .27 .55 .65 .53 .58 .63 .1+2 .1*3 
95.5 .678 .666 .661+ 066I .657 .656 .659 .680 .682 .713 .725 
95.0 .23 .28 .21+ .32 .1+0 .58 .61 .50 .58 .1+9 .37 
91.5 .651 .61+5 .61+3 .61+1 .636 .637 .637 .651 .657 .683 .690 
91+.0 .21+ .32 .21+ .39 .50 .>47 .1*9 .1+8 .56 ol+l+ -
93.5 .633 .621+ .622 .621 .616 .617 .615 .623 .630 .652 .656 
93.0 .28 .30 .21+ .29 .1+0 .55 .1+7 .58 .50 .35 -
92.5 .616 .608 .608 .603 .600 .599 .596 .600 .607 .623 .625 
92.0 .26 .32 .26 .31 .21+ - .36 .15 .1+5 .33 .1+0 
91.5 .599 .592 .591 .589 .582 .580 .577 .581 .581+ .597 «595 
91.0 .31 .21+ .33 .50 .1+9 .50 .36 .38 .1+2 .27 .32 
90.5 .586 .580 .578 .571+ .569 .567 .561 .563 .561+ .572 .570 
136 
Raw Data (Continued) 
Elev., Line Line Line Line Line Line Line Line Line Line Line 
ft. 1 3 k 6 7 8 11 12 16 20 22 
Date: 7-30-50 
99.5 .883 .866 .867 .31*7 .861* .858 .372 .352 .868 1.02 .958 
99.0 .27 .22 .32 .39 .21* .59 •3k k.65 1.13 .96 1.32 
98.5 .832 .802 .799 .781* .778 .768 .800 .800 .817 .879 .906 
98.0 .23 .23 .25 .37 .1*1 .57 .36 .65 .58 .75 •kk 
97.5 - .71*8 .7kl .739 .728 .723 • 7k7 .755 .768 .821 •8k2 
97.0 .29 .26 .30 .39 .51* .69 •kk .53 .58 •56 •k5 
96.5 .719 .705 .702 .701 .697 .692 .70k .716 .730 •767 .783 
96.0 .22 .18 .20 .28 .55 .61* .53 .57 .63 •kl •k3 
95.5 .688 .678 .677 .677 .670 .670 .677 .690 .693 •728 .71*1 
95.0 .25 .30 .2k .31* .1*0 .58 .59 „k9 .58 ok9 •37 
9k.5 .662 .656 .653 .651* .650 .650 .653 .661 .667 .695 .700 
9k.O .2k .31 .26 .39 .50 .1*7 .k8 .k7 .56 ok5 -
93.5 .61*2 .637 .636 .636 .632 .632 .632 .633 •6kl .663 •670 
93.0 .27 .30 .25 .29 .39 .55 •k6 .59 .50 .35 — 
92.5 .627 .620 .620 .619 .615 .613 .613 .611 .619 •638 •6k0 
92.0 .26 .33 .26 .31 .25 - .38 .k8 •k9 o3k •kl 
91.5 .610 .605 .60U .603 .599 .597 .597 .592 .598 .610 •611 
91.0 .31 .23 .22 .50 .1*9 .51 .36 .37 .k2 .27 •32 
90.5 .597 .592 .591 .590 .585 .582 .580 .575 .579 .589 ,588 
Date: 8-6-50 
99.5 .818 .807 .812 O O
 
-
0 
.800 .806 .815 .312 .830 1.0k •918 
99.Q .26 .2U .33 .1*0 .21* .59 .3k 9.30 2.13 1.92 3.50 
98.5 .796 .777 .777 .770 .759 .75k .777 .786 .797 8.51 .880 
98.0 .22 •2k .25 .37 .1*1 .57 .35 .76 .66 .79 •k6 
97.5 .752 .739 .737 .736 .728 .726 o7k3 .760 .773 .823 •850 
97.0 .26 .27 .30 .35 .52 .68 .k3 •55 .59 .56 .kk 
96.5 .718 .707 .706 .706 .702 .701 .711 .730 •7kk .786 .806 
96.0 .22 .18 .20 .28 .51* .61* .51 .61 .63 .kl •k2 
95.5 .691 .682 .682 «683 .678 .679 .686 .707 .713 .752 .769 
95.0 .21 .29 .2k .33 .1*0 .58 .60 .53 .57 •k9 .37 
9U.5 .666 .661 .660 .660 .656 .657 .662 .679 •68k .718 •728 
9k.O .25 .31 .21* .39 .50 .1*6 •k9 .50 .56 •kk -
93.5 •6U8 .61*1 .61*0 .61*0 .637 .638 .6k0 •6k9 .656 .688 .693 
93.0 .27 .30 .21* .29 .39 .5k .k8 .60 •50 .35 -
92.5 .628 .623 .622 .622 .619 .618 .619 .622 .633 .656 •662 
92.0 .23 .30 .27 .32 .28 - .39 .53 .50 .33 .ko 
91.5 .612 .607 .606 .607 .601 .600 .599 .603 .610 .629 .629 
91.0 .30 .23 .33 .51 .1*9 .52 .36 .ko •kl .26 .37 
90.5 .598 .59k .591' .592 ,587 .586 .583 .587 .580 .606 .603 
137 
Raw Data (Continued) 
Elev., Line Line Line Line Line Line Line Line Line Line Line 
ft. 1 3 k 6 7 8 11 12 16 20 22 
Date: 8-13-50 
99.5 .732 .705 .70k .725 .701 .701 •705 •7kk •7k7 .816 .780 
99.0 .27 .23 .3k .ko .23 .59 .3k 6.20 2.50 •9k k.05 
98.5 .757 .719 .713 .72k .713 .706 o71k •763 .767 .788 .819 
98.0 .22 .2k .26 .38 .kl .58 .36 .76 .7k .90 .50 
97.5 •75:9 .770 .801 .827 
97.0 .27 .2k .28 .36 .5k .70 ck5 •52 •60 .56 .k6 
96.5 •737 .751 .782 •802 
96.0 .21 .16 .20 .27 .55 .65 .53 •56 .63 okl •k2 
95.5 .715 .720 •751 .770 
95.0 .23 .27 .2k .33 .ko ,58 .62 •kB .58 •kB .37 
9k»5 .681 .688 .719 •73k 
9k.0 .2k .30 .2k •ko .51 •k7 •k9 •k7 .57 •kk -
93.5 .651 .657 •687 •700 
93.0 .27 .30 • 2k .30 .38 .55 .k7 •59 .50 .35 * 
92.5 0626 .636 .657 .66k 
92.0 .2k .3k .26 .33 .30 - .k0 .51 .51 .3k .ko 
91.5 .60k .613 •63k .636 
91.0 .29 .23 .33 .51 •k9 •52 .36 .37 •kl .26 •31 
90.5 .586 .591 .606 •612 
Date: 8-20-50 
99.5 .65k .631 .629 .673 .63k •665 •655 .707 .706 .836 .972 
99.0 .27 .23 .35 •k2 .2k .60 •35 6.90 5.20 l.k5 k.00 
98.5 .716 .69k .686 .702 .692 •69k •699 .760 •763 •791 .830 
98.0 .21 ;2k .2k •39 •kk •57 .36 .77 .88 .9k .55 
97.5 «753 .769 • 8o6 .831 
97.0 .28 .26 .29 .36 .53 .71 ok5 .51 •6k .58 .kB 
96.5 .732 •751 .783 .801 
96.0 .22 .16 .20 .28 .55 .65 •53 .55 •65 •kl •kk 
95.5 .711 •725 .756 .772 
95.0 .25 .27 .2k .35 .kl •59 •62 •k9 •59 .50 .38 
9k.5 .688 •699 .730 • 7k2 
9k.0 .25 .31 .2k .kl •51 .k7 •50 .k7 •58 •k6 -
93.5 066k .675 .705 .713 
93.0 .28 .30 .25 .31 .kl .56 .k8 .60 .51 •37 * 
92.5 •6k2 .652 . .678 .686 
92.0 .2k .3k .27 •3k .32 - •kl .52 .23 .35 •kl 
91.5 .619 0632 .653 •657 
91.0 .30 .23 .33 .50 .kl .53 .37 .38 .kl .27 •32 
90.5 .605 .610 .630 .635 
138 
Raw Data (Continued) 
Elev., Line Line Line Line Line Line Line Line Line Line Line 
ft. 1 3 k 6 7 8 11 12 16 20 22 
Date: 8-27-50 
99.5 .770 .760 .763 .773 .756 •755 .763 •756 .763 .800 •83k 
99.0 .27 .23 .3k .kl .22 .60 .35 lk.5 12.0 2.50 5.55 
98.5 .778 .757 .756 .759 • 7k7 • 7k6 .7 59 • 765 .778 .821 .857 
98.0 .22 .23 .25 .39 •Ut •58 .39 .78 1.23 1.0k .70 
97.5 .7U9 .710 .733 .737 .728 .728 .7k0 .751 .767 .810 .BkO 
97.0 .27 .25 .29 .36 •55 •70 .k7 •53 •67 .59 .k8 
96.5 .725 .713 .712 .712 .707 .707 .717 .730 •7k3 .781 .805 
96.0 .21 .17 .21 .27 .57 .66 •5k .56 •65 •k3 •k5 
95.5 .701 .691 .692 .692 •688 .688 .696 .708 •719 .753 .77k 
95.0 •2U .28 .2k •3k .kl .59 .62 •k9 .60 •51 .39 
9k.5 .680 •67k .675 .676 .672 •673 .678 .686 •696 .727 •7kl 
9U.0 .2k .31 .2k .k0 .51 •k7 .51 ok7 .58 •kl -
93.5 .663 .657 .657 .659 .656 •657 .659 .66k •675 .703 .716 
93.0 .27 .30 .25 .30 .ko •55 .k8 .59 •53 .37 — 
92.5 .6I4.6 •6k2 .6k3 •6kk •6k0 .6kl •6I4I4. •6k5 .656 .677 .688 
92.0 .2)4 .35 .28 .33 .33 - •k2 •53 •53 .36 •k2 
91.5 .632 .628 .629 .630 .625 .625 .627 •62k •636 .655 .662 
91.0 .28 .27 .33 .51 .k5 •53 •38 .k3 •k2 •27 .31 
90.5 .621 .615 .616 .617 .612 .613 .611 .609 •618 •63k •6k0 
Date: 9-3-50 
99.5 .773 .768 .770 •773 .770 .772 •775 .75k •773 •93k .823 
99.0 .27 .2k .33 «kl •2k •60 •35 k.85 3.80 1.01 2.13 
98.5 .761 •7k3 •7k3 •7kl .731 .725 •7k3 .735 •735 .773 •79k 
98.0 .21 <>2k .26 .37 •k6 •59 o37 •75 1.15 1.08 •73 
97.5 - .711 .711 .712 ,70k .702 •715 .721 .725 .763 •780 
97.0 .28 .26 .29 •36 .5k .71 •k6 .53 .70 .59 •51 
96.5 .693 .688 .688 .690 .685 .68k •693 .70k .712 •7k3 .757 
96.0 =21 .17 .21 .27 .55 .66 •5k •56 .67 ok2 •k7 
95.5 067U .669 .670 .673 .670 .672 •676 •690 .696 •727 .7ko 
95.0 .2k .28 .2k •3k .kl .59 .63 •k9 06I •51 .kl 
9k.5 .658 .65k .655 .657 .655 .656 0663 .671 .680 .707 .718 
9k.O .23 .31 .25 .ko .51 .k8 •50 •k7 .60 •U6 -
93.5 .6U1 •6kl .6k2 •6kk .6k2 •6kk •6k7 •65k .662 .689 .699 
93.0 .26 .31 .26 .30 .ko .55 •k8 •58 .53 <>37 -
92.5 .630 .625 .627 .630 .628 .630 .632 •635 •6kk .668 .675 
92.0 .23 .38 .28 •33 .3k - •k2 .52 .53 .36 .k3 
91.5 .613 .613 .613 .617 .6lk .6lk .617 •617 .627 •6k8 .652 
91.0 .29 .30 .33 •51 •k7 .53 •38 •kit .kl .27 .33 
90.5 .602 .601 .601 •6lk .602 .602 .603 .602 8
 
C
O
 
.628 .632 
Raw Data (Continued) 
Elev., Line Line Line Line Line Line Line Line Line Line Line 
ft. 1 3 T 6 7 8 11 12 16 20 22 
Date: 9-10-50 
99.5 
99.0 .27 .21* .33 .111 .21 .61 .35 12.7 15.0 1.61* 3.65 
98.5 
98.0 .22 .26 .27 .38 •ll5 .59 .37 .77 1.80 1.17 .90 
97.5 
97.0 .27 .25 .29 .36 .56 .71 .1*7 .53 .77 .60 .50 
96.5 
96.0 .21 .17 .21 .28 .57 .67 .55 .56 .68 .1*3 •U6 
95.5 
95.0 .2k .29 .25 .36 .1*1 .59 .63 .1:9 .62 .51 .1*0 
9U.5 
9k.O .21* .31 .21* .1*1 .50 
CO 
.
 
.51 .1*7 .59 .1*7 -
93.5 
93.0 .27 .31 .26 «31 .1*0 .55 .1*9 .58 .53 .38 -
92.5 
•5U .1*2 92.0 .23 .36 .27 .35 .35 - .13 .51 .36 
91.5 
.Li 91.0 .28 .30 .23 .51 .1*8 .53 .1*1 •U5 .27 .31 
90.5 
Date: 9-17-50 
99.5 .703 .691 .697 *701 .683 .693 .690 .690 .689 .659 .738 
99.0 .29 .25 •3k ol*l .22 .62 .36 19.0 18.5 1.38 5.95 
98.5 .713 .690 .690 .688 ;680 .676 .685 .700 .691* .726 .739 
98.0 «23 .25 .27 .39 •k$ .59 .37 .79 2.55 1.21* 1.07 
97.5 .676 .671* .675 .672 .669 .675 .699 .699 .730 .751 
97.0 .28 .25 .29 .37 .56 .71 .1*7 .53 .80 .61 .53 
96.5 ,680 •667 .661* .667 •662 ,663 .665 .693 .699 .727 .752 
96.0 .22 .18 .21 .27 .57 .67 .55 .57 .68 .U3 .1*8 
95.5 .670 .658 .657 .653 .651* .657 .689 .69I* .723 .71*9 
95.0 .2lj .27 .21* .35 .1*2 .59 .63 .1*9 .62 .51 .1*2 
9U.5 .658 .61*8 .61*8 .61*7 .61*5 .61*1* b
 
CO
 
.677 .681* .712 .739 
91.0 .21* .31 .21* .39 .51 .1*8 .51 .1*7 .59 .1*6 -
93.5 .61*1* .636 .637 .631* .633 •631* •636 .661* .673 .699 .725 
93.0 .27 .30 .25 .30 .1*0 .55 .1*9 .58 .52 .38 -
92.5 .633 .621* .626 .623 .622 .623 .621* .651 .658 .682 .710 
92.0 .21* .35 .28 .31* .35 - .1*3 .52 .5U .37 .1*2 
91.5 .620 .613 .615 .612 .608 .610 .610 .636 .61*5 .666 .693 
91.0 .29 .30 .33 .51 .1*9 .51 .1*3 .1*6 .1*0 .26 .31 
90.5 0609 .602 .603 .600 .599 .599 .599 .622 .631 .61*9 .673 
Raw Data (Continued) 
Elev., Line Line Line Line Line Line Line Line Line Line Line 
ft. 1 3 k 6 7 8 11 12 16 20 22 
Date: 9-2U-50 
99.5 .665 o6k7 •6k7 .693 .651 .66 k .663 .622 •603 .693 .650 
99.0 .28 .25 .35 •k2 .23 •6k .37 17.0 5.00 2.13 6.10 
98.5 .730 .709 .707 .727 .718 .715 .713 .702 .691 .699 .727 
98.0 .22 .25 .26 .39 .k5 .61 .38 .82 3.73 1.35 l.k7 
97.5 .723 .713 .712 .718 .712 •710 • 713 .712 • 713 .735 .756 
97.0 .27 .26 .39 .37 .55 .70 •k7 •56 •85 .62 •5k 
96.5 .708 .702 .700 .701 .698 .698 .700 • 70k .706 .733 .750 
96.0 .21 .18 .21 .27 .57 .67 .55 •59 .68 •kk •kB 
95.5 .690 .683 .685 ,686 .682 .683 .686 .693 .69k .722 .738 
95.0 .21 .29 .2k .36 •k2 •60 •6k •k9 .62 •5k .kl 
91.5 .673 .668 .672 ,670 .669 •668 .673 .678 .680 • 705 .722 
9k.0 .21» .31 .2k .39 .51 ,k8 •51 •k9 •59 •k8 -
93.5 .659 .657 .658 .658 .657 .658 .659 •66k •66k .690 .703 
93.0 .27 .31 .26 .31 ekO .55 .50 •59 •5k .39 -
92.5 .6L8 '.6k5 .6k8 .6k7 ,6k6 .6k7 .6k8 .650 .651 .675 .687 
92.0 .23 .35 .28 .3k .35 - .kk .53 •55 .38 .k2 
91.5 •63k .635 .635 .636 ,63k •636 .636 •636 •6k7 •660 .668 
91.0 .28 .31 .33 .51 .k9 .55 •kk •k7 •kl •27 .31 
90.5 .621* •62k .625 .626 .623 •626 0626 .623 •626 •6k6 .651 
Date: 10-1-50 
99.5 
99.0 .29 .26 .35 •k3 .23 •6k .37 18.6 k.k7 3.07 8.30 
98.5 
l.k3 98.0 .23 .28 .29 .ko .k6 .61 .39 .82 5.30 1.93 
97.5 
•63 97.0 .29 .28 .31 .39 .55 .72 ok8 .56 .91 .56 
96.5 0 
96.0 .23 .19 .23 .29 .57 .68 •57 .60 .70 •k5 •k9 
95.5 
95.0 .25 .29 .25 .36 .k3 .61 •65 •50 .63 .53 .k2 
9k.5 
9k.O .2k .31 .25 .ko .52 »k9 .52 •k9 .61 .k8 -
93.5 .2k 
93.0 .28 .32 .27 .30 .kl .56 •51 .59 •5k .39 -
92.5 .28 
•k3 92.0 .2ij .37 .29 .35 .37 - •k5 .52 •56 .39 
91.5 .2k 
91.0 .28 .32 .33 .51 .50 .55 •k5 •k6 .ko .26 •32 
90.5 .28 
99 
99 
98 
98 
97 
97 
96 
96, 
93 
92 
Pit 
9k 
93 
93 
92 
92 
91 
91 
90 
Da-
99 
99 
98 
98 
97 
97 
96 
96 
95 
92 
9k 
9k 
93 
93 
92 
92 
91 
91 
Raw Data (Continued) 
Line Line Line Line Line Line Line Line Line Line 
1 3 k 6 7 8 11 12 16 20 
10—8—50 
•63k .637 .61(9 .659 .61(2 .6k9 C
O 
# .236 .222 •52k 
.30 .27 .32 .1(6 .26 .67 .ko 8.20 .90 1.00 
.670 » 65k .628 .662 .657 •6k9 .63k .608 .288 .583 
•2k .27 .29 .U2 .1(7 .65 .kl .82 2.6k l.k7 
- .623 .651 .657 .653 •6k9 .637 .629 .617 .619 
.29 .28 .31 .1(0 .57 .7k .50 .60 .38 .65 
•6l|8 .623 .653 .653 .653 •6k9 .6k2 .6k2 .637 .6kk 
.23 .19 .22 .31 .59 .70 .59 .63 .72 •k6 
.61x3 .652 .650 .651 .650 .6k8 .6k3 •6k9 •6k9 .661 
.25 .29 .25 .39 .1(3 .62 .68 .53 « 6k .55 
.635 .6U8 .61(7 .61(6 .61(6 •6k5 .6k2 .620 •623 .669 
.25 .32 .25 .1(1 .52 .51 .5k .51 .63 •20 
.627 .6k0 .639 .638 .638 .638 .637 •6k8 .652 .669 
.28 .31 .27 .32 .1(2 •56 .22 .61 .55 .ko 
.619 .632 .632 .631 .630 .630 .629 .6kl c6k8 .66k 
.25 .36 .29 .37 .38 - .k6 •53 .56 .kO 
.610 .622 .623 .623 .621 .622 .621 .632 .6k0 .656 
.29 .31 .33 .51 .50 .23 .kk •k7 •kl .27 
.603 .613 .615 .613 .612 .613 .612 .62k .628 .6k5 
10-15-50 
.689 .67 7 .680 .697 .68k .677 .667 •272 .5k9 .627 
.30 .28 .36 .lilt .25 .68 .kl k.12 1.80 •98 
.696 .669 .671 .680 .67k •66k .623 .600 .559 •559 
.21* .27 .29 .hi .51 •65 •k2 .82 3.15 1.50 
-
.661 .661 .668 .663 .628 .6k6 .610 .283 .587 
.29 .27 .31 .39 .60 .73 .51 .59 .89 .67 
.667 .622 .652 .660 .629 .62k .6k5 .617 .603 .609 
.23 .20 .22 .29 .60 .70 .59 .63 .73 .kB 
.627 .651 .651 .655 .655 .652 •6k3 .62k .615 .625 
.25 .30 .25 .37 •kk .62 .68 .51 .67 .56 
.651 .618 .61(8 .622 .621 •6k8 .6kl .626 .622 .632 
.22 .32 .25 .1(0 .53 .52 .5k .22 .6k .51 
•6kk .61t2 .61(2 .6U7 •6k6 •6kk .638 .627 .627 .637 
.27 .32 .27 .31 •k3 .27 .22 .29 .27 .ko 
.639 •63k .636 .6L2 •639 •639 .635 .623 •622 .637 
.25 .37 .29 .36 .38 - •k7 •53 •56 .ko 
.632 .628 .629 .63k .632 .632 .632 .618 .621 .636 
.29 .32 .33 .51 .50 .52 .k7 .k8 .kl .27 
.62k .621 .622 .626 .625 .626 .62k .612 .617 .628 
11(2 
Raw Data (Continued) 
Elev., Line Line Line Line Line Line Line Line Line Line Line 
ft. 1 3 k 6 7 8 11 12 16 20 22 
Date: 10-22-50 
99.5 .693 .682 .683 .702 .682 .677 .658 .568 .532 .511 .558 
99.0 .31 .29 .3U •U5 .29 .66 .39 3.20 1.73 .96 .67 
98.5 .719 •69U .693 .701 .693 .687 .671 .621 .590 .585 .616 
98.0 .25 .30 .30 •bit .1(9 .60 .Itl .79 3.60 i.kk .53 
97.5 .705 .688 .686 .689 .683 .678 .661* .637 .612 .613 .637 
97.0 .30 .30 .33 •111 •57 .73 »!i9 .57 .85 06k, .5k 
96.5 .687 .677 .67k .675 .671 .667 .656 .639 .623 .627 .61(7 
96.0 .21 .19 .23 .33 .59 .68 .58 .60 .70 .1:6 .50 
95.5 .673 .665 .665 •66U .661 .658 .650 .637 .628 .632 .650 
95.0 .26 .30 .27 .38 .L3 .62 .67 .50 •6l( .55 .1(3 
9lu5 .661 .655 .655 .651 .651 .650 .61(3 •63k .628 .636 .650 
9U.0 .27 .33 .26 •U3 .52 .U9 .53 .U8 .62 .50 -
93.5 .651 .61*7 .61*8 .617 •6U3 .612 .638 .632 .628 .636 .61(9 
93.0 .29 ,30 .27 .32 .1*1 .56 •51 .58 .55 .Uo -
92.5 . 6bb •6U0 •6ko .639 .636 .636 .632 .628 .627 0636 .61(7 
92,0 .26 .36 .30 .37 .38 - •U6 ;52 .56 .1(0 •W 
91.5 .637 .632 .632 .631 .630 .630 .627 .623 .625 .633 .61(2 
91.0 .32 .32 .32 .50 .51 .51 .1:7 •k6 .39 .26 .30 
90.5 .630 .625 .625 .621; •62I4 .623 .621 .620 .620 .630 .639 
Date: 10-29-50 
99.5 .628 .619 .623 .639 06OU .616 .603 .52U .1(91 .52L .510 
99.0 .29 .26 .35 •U6 .25 .68 .Uo 3.k2 2.50 1.05 .72 
98.5 .652 .63I1 .631 .6Ut ,61*0 .631 .613 .568 .527 .520 .515 
98.0 .2U .26 .28 oul .1(8 06U .la .8k U.l+2 1.1:7 .56 
97.5 - •636 .636 .612 .639 .631 .613 .589 .557 .253 .577 
97.0 .29 .26 .30 .1(2 .58 .73 .50 .61 .90 .67 .57 
96.5 .61(6 .637 .636 .637 .637 .631 .613 .600 .581 .581 .602 
96.0 .23 .19 .22 .31 .60 .70 .59 •63 .71* .1*8 .53 
95.5 .639 .635 •63U 063U .633 .628 .615 .611 .600 .603 .618 
95,0 .25 .29 .26 .Uo .1(2 .62 066 .51 .65 • .57 .15 
9L.5 .633 .628 .630 .630 .628 .628 .615 .617 .608 .617 .628 
9U.0 ,2U .30 .25 .U2 .53 .51 •5U .50 .63 .51 -
93.5 .627 .625 .623 .62lt .622 .619 .613 .621 •6lk .623 .63k 
93.0 .28 .31 .26 .33 .1(2 .56 .52 .60 .56 .U2 -
92.5 .620 .619 .617 .617 .615 .613 .611 .619 .616 •62U .63k 
92.0 .25 .37 .29 .38 .10 - .lt7 .5k .56 .ia •U6 
91.5 .6m .612 .610 .611 .608 .608 .605 •6lk .615 .623 .632 
91.0 .29 .32 .32 .51 .52 .53 .19 .1(8 .1(0 .27 .32 
90.5 •606 .605 .603 , .60U .602 .602 .599 •608 .612 .620 0628 
1U3 
Raw Data (Continued) 
Elev., Line Line Line Line Line Line Line Line Line Line Line 
ft. 1 3 U 6 7 8 11 12 16 20 22 
Date: li—5—5o 
99.$ .587 .568 .620 .653 .603 .573 .551 oUl9 .386 .398 .379 
99.0 .31 .28 .35 .UU .25 .71 .ui U.10 3.60 1.15 .79 
98.5 .613 .602 •616 .632 .611 .600 .569 .508 .153 .U31 .U58 
98.0 .25 .27 .28 .Uo • .50 .65 .U2 .87 5.20 l.UB .59 
97.5 - .620 .623 .629 .622 •616 .590 .561 .527 .513 .587 
97.0 .30 .27 .32 .Ui .61 .75 .51 .62 .90 .68 .60 
96o5 .635 .627 .628 .629 .625 .620 .601 .588 .562 .559 .578 
96.0 .22 .20 .22 .29 .59 .71 .60 063 .75 .50 •5U 
95-5 .63U .626 .625 .626 .623 .619 .60U .597 .580 .582 .597 
95.0 .25 .30 .25 .38 .1*3 •6U .68 .53 .69 060 .U6 
9U.5 .630 .623 .621 .622 .618 .6lU .603 .603 .590 .593 .607 
9U.0 •2b .30 .2U •Ui .5U .U9 .55 .51 .65 .53 -
93.5 .623 .616 .617 .617 0613 .611 .599 .603 .595 .600 .607 
93.0 .27 .31 .27 .31 .U2 .57 .53 .62 .57 oUU -
92.5 .617 .612 .613 .612 .607 .613 .597 .602 .595 .600 .607 
92.0 .25 c37 .30 .37 .38 - .U8 .55 .58 .U2 •U6 
91.5 .611 060U .606 .60U .602 .600 .595 0600 .595 .600 .606 
91.0 .28 .32 .32 .51 .53 .51 .50 .U8 .Uo .28 .Uo 
90.5 .60U .599 .601 .598 .596 .595 .590 .598 .59U .600 .605 
Date: 11-12-50 
99.5 .262 .185 .123 .150 
99.0 .31 .29 .36 =UU .26 .71 «U6 U065 U.70 1.33 .91 
98.5 .U03 .320 .267 .282 
98.0 .2)4 .29 .30 0L2 •U9 .67 .U5 .93 5.90 1.55 .68 
97.5 .U80 .U22 .386 .U02 
97.0 .30 .29 o33 •hi .58 .75 «53 .65 .93 .72 .63 
96.5 .530 oUia eU73 .U83 
96.0 .2h .20 .23 •31 .60 .72 .61 .66 .77 .51 .55 
95.5 .553 .529 .521 .528 
95.0 .26 .31 .26 .39 •uu 06U .71 .55 .69 .59 oU7 
9U.5 .570 .552 .5U5 .557 
9L.0 .25 .33 .25 .U3 .5U .51 .55 • .51 .65 .53 -
93.5 .581 .566 .563 .573 
93.0 .23 .32 .27 .32 .UU .57 .53 .62 .59 0U2 -
92.5 .586 .573 .573 .582 
92.0 .27 .38 .30 .UO .Uo - .U9 .55 .57 .U2 •U6 
91.5 .587 .579 .577 .583 
91=0 .29 •3U .32 .51 .52 .53 .53 .U9 .Ui .27 .Ui 
90.5 .586 .578 .579 .585 
Ibb 
Raw Data (Continued) 
Elev,, Line Line Line Line Line Line Line Line Line Line Line 
ft. 1 3 b 6 7 8 11 12 16 20 22 
Date: 11-19-50 
99.5 .630 •62b .70b .732 •6b7 .557 .518 .351 .289 .200 .2b3 
99.0 .33 .28 .35 •b3 .25 .73 obb b.55 5.20 1.33 .93 
98.5 .633 •62b .679 .690 =626 .578 .510 .bilt .359 .31b =316 
98.0 .28 .30 .32 .bl .50 .70 •b6 .91 6.10 1.55 .69 
97.5 .633 .625 .653 .659 .623 .589 .531 =b5b =bll .373 .382 
97.0 *32 .28 .32 .bl .60 .30 .55 .65 .9b .75 .65 
96„5 .633 .628 .6bl .612 .620 .593 =5b8 .b90 •b57 •b36 .b38 
96.0 .2b .21 .23 .31 .61 =75 .65 =67 .30 .53 .60 
95.5 .268 .627 .633 .633 .617 .595 .561 .51b .193 .b76 .b30 
95.0 .28 .31 .26 .bO .b5 .67 .72 .55 .71 .63 .52 
9b.5 .627 =623 =628 .627 .613 .599 .572 .536 =522 .508 =515 
9b.o .26 .32 .26 .b2 .56 .5b .59 .53 .68 .56 -
93.5 .623 .618 .622 .620 .612 .601 .581 .552 .5b3 .533 .5bo 
93.0 .30 .33 .28 .33 .b7 =61 .55 .61 .60 .U5 • -
92.5 .618 .616 .616 .613 .608 .599 ,587 .563 .559 .550 .558 
92.0 .23 .38 .30 .38 .bl — .50 .55 .58 »b5 •b9 
91.5 .613 .611 .612 .60? »60b .598 .590 .572 .570 .567 .570 
91.0 .30 .35 .33 .50 .5b .56 .55 .b9 .b2 .23 =b3 
90.5 .607 .60b .607 .603 .601 .596 .590 .578 .576 .575 =579 
Date: 11-26-50 
99.5 ' 
99.0 .3b .30 .37 .b5 .25 =79 .50 b.35 2.17 1=38 1.08 
98.5 
98.0 .28 .31 .33 .bl .51 .73 =b9 .97 5.95 1.63 =78 
97.5 
97.0 .32 .28 .33 .39 .60 .80 .57 .70 .95 .78 =70 
96oS 
96.0 =2b .21 .23 .30 .62 .76 .66 =70 .81 .55 =60 
95.5 
95.0 .27 .31 .26 .39 •b5 .68 .76 .59 .73 .6b .51 
9U.5 
9U.0 • .27 .33 .26 .b2 .56 .5b .59 .5b =69 .55 «s 
93.5 
93.0 .30 .33 .28 .31 -.b6 .61 .55 .65 .61 =b5 -
92.5 
92.0 .27 .39 .30 .39 .b2 - .51 .59 .59 .b5 .b8 
91.5 
91.0 .30 =3b .33 .53 .55 .56 .57 .50 •bb .29 •b3 
90.5 
11*5 
Raw Data (Continued) 
Elev., Line Line Line Line Line Line Line Line Line Line Line 
ft. 1 3 1* 6 7 8 11 12 16 20 22 
Date: 12-3—50 
99.5 
99.0 .3U .33 .39 .1*1* .27 .80 .50 3.82 2.55 1.37 1.12 
98.5 
98.0 .26 .31* .3b .1*1 .51* .73 .53 .99 6.15 lo68 .82 
97.5 
97.0 .32 .33 .35 .1*1 .66 .80 .61 .73 .98 .82 .75 
96.5 
96.0 .25 .22 .25 .31 .69 .77 .69 .71* .86 .59 066 
95.5 
95.0 .27 .3k .29 .ko .1*7 .58 .79 .59 .75 .67 .55 
9lt.5 
9U.0 .26 .35 .27 ol*2 .55 .51* .60 .56 .72 .59 -
93.5 
93.0 .29 .35 .29 .32 .50 .59 =58 .65 .62 .1*6 -
92.5 
92.0 .27 .lil .31 .39 .1(3 - .53 .56 .60 .1*8 .50 
91.5 
91.0 .30 . .36 .33 .51 .51* .56 .58 .52 .1*1* .30 .1*7 
90.5 
Date: 12-10-50 
99.5 
99.0 .31 .33 .39 .1*6 .27 .79 .51 3.60 2,78 1.1*0 1.10 
98.5 
98.0 .27 .32 .3U ol*5 .52 .71* .52 lo02 6.18 1.67 .82 
97.5 
97.0 .33 .32 .35 .1*2 .63 .83 .60 .75 1.00 .83 .78 
96.5 
96.0 .25 .22 .21* .32 .61* .79 .69 .77 .89 .59 .66 
95.5 
95.0 .28 .33 .28 .1*1 .1*7 .71 .77 .60 .77 .67 .55 
9U.5 
9U.0 .27 .36 .28 .1*1* .55 .55 .61 .58 .73 .59 -
93.5 
93.0 .30 .31 .29 .31* .52 .62 .57 .66 .62 .1*7 -
92.5 
92.0 .27 .Ul .32 .1*1 .1*5 - .53 .59 .62 .1*7 .51 
91.5 
91.0 .31 .37 .33 .53 .51* .57 o60 .53 .1*5 .30 .1*7 
90.5 
12(6 
Raw Data (Continued) 
Elev., Line Line Line Line Line Line Line Line Line Line Line 
ft. 1 3 b 6 7 8 11 12 16 20 22 
Date: 12-17-50 
99.5 
99.0 .35 •3U .39 •b6 .28 .79 .52 3. bo 3.00 1.27 1.09 
98.5 
98.0 .27 .33 .35 •bb .53 .7b .51 .97 6.20 1.69 .83 
97,5 
97.0 .32 .31 .35 .bl .6b .81 .60 o7b .99 .83 .79 
96.5 
.68 96.0 .25 .22 .25 .33 .63 ,77 .69 .77 .90 .59 
95.5 
.68 
.57 95.0 .27 .32 .28 .bo .b7 .69 .78 -.59 .79 
9b.5 
.61 91.0 .2? •3b .28 •bb .55 .5b .60 .57 .73 -
93,5 ' 
.6b •b7 93.0 .31 .33 .28 .3b .5b .61 .57 .66 -
92.5 
.62 •b7 .51 92.0 .29 .bo .32 obi ob6 - .53 .58 
91.5 
•b7 91.0 .31 .37 .33 .55 .5b .59 .61 .52 ob5 .32 
90.5 
Date: 12-2U-50. 
99.5 .b98 .509 .607 .620 .508 .b28 .330 •lb9 •0b7 -.013 -.002 
99.0 .35 .31 .38 .b6 .29 .80 .51 3.02 3.10 1.21 1.20 
98.5 .52b .53b .593 .591 •51U ob5o .3b5 .225 .127 .068 •Ob7 
98.0 :28 .3b .35 •b3 .5b .7b .51 1.00 6.30 1.71 .87 
97.5 .535 •5b2 .573 .571 .520 .b7l .377 .282 .196 .lb7 .130 
97.0 .33 .32 .36 .bl 062 .82 .60 .76 1.03 .87 .80 
96.5 •5b9 .557 .572 .567 .530 •b88 .bio .33b .260 .222 .208 
96.0 .2b .22 .25 .32 .63 .77 .69 .77 .92 .60 .69 
95.5 .562 .567 .573 .569 •5bo o50b .b38 .370 .318 .278 .262 
95.0 .27 .33 .29 ,b5 eb7 .69 .79 .62 .80 .69 .58 
9b.5 .572 .576 .579 .571 .550 .518 .b62 .bl3 .366 .323 .31b 
9b.0 .27 .36 .28 •b3 .56 .5b .60 .59 .76 .61 -
93.5 .579 .581 .582 .57b .558 .531 .b85 .bb9 •b08 .366 
0
0
 
•
 
93.0 .30 - .33 .28 .33 .53 •61 .57 .65 .66 •b8 -
92.5 .586 .585 .585 .578 .563 •5b3 .50b .1*77 .138 .bOl .396 
92.0 .29 .bo .32 .bl •b6 - .52 .58 •6b •b9 .51 
91.5 .588 .588 .587 .580 .569 .551 .520 .500 ,b65 ,b32 .129 
91.0 .32 .37 .33 .53 .5b .59 .60 .51 •b7 •31 .b7 
90.5 .589 .589 .587 .581 .570 .557 .533 .518 •b89 .U59 .U55 
1U7 
Raw Data (Continued) 
Elev., Line Line Line Line Line Line Line Line Line Line Line 
ft. 1 3 U 6 7 8 11 12 16 20 22 
Date: 12—31—50 
99.5 .1*58 .1*69 .563 .581 .1*51* .373 .273 .062 .000 .000 -.01*1* 
99.0 .35 .35 .37 .U7 .30 .82 .53 3.00 3.30 1.35 9.80 
98.5 .199 .U97 .553 .556 .1*76 .112 .295 .162 .072 .022 .000 
98.0 .29 .36 ,36 .L3 .55 . 75 .53 1.03 6.1*5 1.73 .89 
97.5 .518 .522 .552 .518 .1*98 .W*2 .31*0 .237 ..156 .105 .085 
97.0 .31* .33 .35 .W* .62 .82 .61 .7U 1.03 .86 .82 
96.5 .5W .51*1* .555 .51*9 .512 .166 .381 .295 .220 .185 .168 
96.0 . 26 .22 .25 . 32 .61* .77 . 70 .78 .92 .61 .69 
95.5 .553 .557 .559 .553 .523 .L82 .112 .335 .281* .21*1 .227 
95.0 .27 .33 .29 .1*1 .1*8 .69 .79 .62 .80 ,70 .58 
91*.5 .562 .561* ,563 .557 .532 .1*99 .1*38 .380 .331* .289 .278 
9l*oC .27 .36 .28 .1*3 .57 .51 .61 .58 .75 .62 -
93.5 .570 .572 .567 .560 .51*1 .511 .1*60 .1*17 .376 .332 .320 
93.0 .30 .33 .28 o3t* .53 .60 .58 .66 .61* .1*9 
92.5 .571* »57l* .571 .563 .518 .522 .1*81 ,1*1*7 .1*08 .370 .361 
92.0 .29 .1*0 .32 .1*1 .1*7 - .53 .59 .63 .1*8 .52 
91.5 .577 .578 .572 .565 .552 .532 .1*99 .1*73 .1*39 .1*03 .397 
91.0 .30 .37 .33 .52 .51* .59 .61 .52 .1*6 ,31 .1*9 
90.5 .580 .579 .573 .568 .557 .538 .511 .1*92 .1*62 ,1*31 .1*21* 
Date: 1-7-51 
99.5 .393 .1*02 .505 =51*1* .1*16 .331 .207 .000 -.010 -.080 -.110 
99.0 .31* .32 .1*0 .1*7 .27 .81* ,58 2.85 3=52 1.1*1 
98.5 ' .1*67 .U7U =532 '.51*7 .167 .1*01* .268 .137 .059 .000 -.010 
98.0 .29 .32 .36 .1*5 .56 .77 .56 1.07 6.51 1.81 .93 
97.5 .510 .517 .519 .51*5 .1*93 .1*35 =327 .211 ,138 .083 .063 
97.0 .32 .32 .35 .1*1 .65 .87 .61* .79 1.06 .90 .86 
96.5 .533 .538 .553 .5U3 .502 .1*55 .370 .263 .207 .153 .11*7 
96.0 .21* .21 .35 .32 .67 .81 ,73 =81 .95 .65 .71* 
95.5 .515 .519 .553 .512 .510 .1*71 =39L .301 .257 =203 =190 
95.0 =27 ,32 .30 .1*0 .1*8 ,73 ,81* .65 =83 .71* =61 
91*.5 .552 .531* .551* .5UU .519 .1*81 =1*16 .31*3 .303 =252 .21*1 
-911.0 .26 .35 «26 .1*3 .58 .57 .65 .60 ,77 .65 
93.5 .558 .557 =557 .51*6 .526 .1*91* .1*1*1 .380 .31*1 .291 .281* 
93.0 .30 .-.31* .29 ' .33 .56 .62 .62 .61 .68 .51 
92.5 .563 .563 .560 .550 .533 .503 .1*63 =1*08 ,375 .337 .325 
92.0 ,29 .1*2 .31 .1*2 .1*8 - .55 .60 .65 .50 ,55 
91.5 .566 .566 .563 .551* .539 .513 .1*78 .1*37 =1*06 .372 .362 
91.0 .31 o36 .31 .55 =56 .62 =61* .51* .1*8 .31* .62 
90.5 .569 .568 .565 .557 .5L3 =523 .1*91* .1*59 .1*31* .1*00 .393 
11+8 
Raw Data (Continued) 
Elev., Line Line Line Line Line Line Line Line Line Line Line 
ft. 1 3 k 6 7 8 11 12 16 20 22 
Date: 1-1U-51 
99.5 •U6U .1)76 •5k9 .529 •k6l •376 •263 •08k •000 •000 -.017 
99.0 .33 .33 .38 ck5 •26 .82 .51 2.55 3.53 1.60 -
98.5 <>k73 .1*82 .527 .516 •kkk .370 .2k9 .153 •OkB .000 .000 
98.0 .25 .35 .37 .kk .55 .77 .53 1.05 6.53 1.8k •9k 
97.5 •208 •117 .062 •038 
97.0 .31 •3k .35 •kk .63 •85 •62 • 77 1.09 •92 .88 
96.5 .255 .18k •13k •117 
96.0 •2k •2k •2k . .3k •66 •80 •73 •81 •97 •66 •75 
95.5 •290 •239 •190 •168 
95.0 .27 .33 .28 •k3 •kB •71 •83 .65 •85 •76 .62 
9k.5 .333 •282 •231 •222 
9k.o .27 .35 .28 •k5 .58 .57 •65 •62 •80 •66 -
93.5 .373 •327 •27k .262 
93.0 .29 •3k .30 .35 •58 •61 •61 .69 •69 .52 -
92.5 •k02 •361 .313 .303 
92.0 .29 ' .kl .33 •k3 •k9 - .57 •62 •67 .51 .55 
91.5 •k3l •392 .351 •3k3 
91.0 .30 .36 .33 .55 .5k •61 .62 .5k •k9 .3k .53 
90.5 •k53 •kl8 .378 .373 
Date: 1-21-51 
99.5 .35k •3kk •k6l .5lk okok •337 •235 •106 •000 -.0k3 ~.Ok2 
99.0 .3k .31 .39 ek6 .26 082 .51 2.k3 3.k7 lokl -
98.5 •kkk •k28 .k8k .51k •k5l •392 •290 .195 •078 .000 .000 
98.0 .27 .36 •35 .k5 .53 .76 .53 io05 6.25 1.76 .90 
97.5 .233 ol37 .067 .051 
97.0 .31 .32 .35 .kk .62 .85 •63 .79 1.07 •90 •88 
96.5 .268 •189 •127 •118 
96.0 .25 .22 .2k .33 •6k •80 .73 .81 •96 06k • 73 
95.5 .290 •232 .176 •158 
95.0 .28 .33 .29 okl .50 •71 .85 .65 .85 .75 .6k 
9U.5 •329 •272 .213 •201 
91.0 .27 .36 .28 •kk .58 .57 •6k •62 •80 .67 -
93.5 •360 •309 .253 •2kk 
93.0 .30 •3k .30 .3k .57 .63 .61 •70 •69 .51 -
92.5 •396 •3kl .293 •280 
92.0 .29 •k3 .33 •k2 •k9. - .56 •62 •67 .52 •56 
91 »5 •klk •373 .330 •316 
91.0 .31 .3U .31 .5k .55 •62 •6k .55 •k9 .3k .53 
90.5 .k36 •k00 .360 .351 
111? 
Raw Data (Continued) 
Elev., Line Line Line Line Line Line Line Line Line Line Line 
ft. 1 3 U 6 7 8 11 12 16 20 22 
Dates 1-28-51 
99.5 .358 .368 .1*77 .530 .385 .310 .178 -.010 -.068 -.199 -.179 
99.0 .35 .35 .1*0 .U7 .28 .85 .55 2.50 3.1:5 1.31 
98.5 .U53 .1*56 .518 .539 .U56 .398 .262 .127 .01*1 .000 -.029 
98.0 .28 .31* .35 .1*1* .59 .78 .55 1.12 6.25 1.78 .93 
97.5 .199 .503 .532 .536 .1*82 .U29 .317 .200 .113 .0U8 .029 
97.0 .35 .31 .31* .15 .61; .89 .65 .79 I.03 .91 .99 
96.5 .521 ,522 .532 .531 .1*91* .1*1*5 .353 .250 .173 .113 .095 
96.0 .26 .23 .26 .3U .70 .8U .75 .80 .98 .66 .77 
95.5 .527 .533 .531* .535 .501 .1*51* .375 .283 .219 .158 .11*2 
95.0 .29 .32 .28 .1*2 .51 .71* .85 .66 .85 .77 .61* 
9U.5 .533 .537 .531* .531* .505 .1*68 .397 .318 .258 .198 .185 
9l*.0 .28 .31* .28 -.1*2 .58 .58 .65 .62 .79 .66 
93.5 .536 .537 .535 .531* .509 .1*78 .U17 .351 .293 .232 .221 
93.0 .31 .33 .29 .33 .59 .63 .61 .73 .70 .51* 
92.5 .537 .538 .536 .531* .513 o!*60 .102 .378 .325 .266 .258 
92.0 • ,30 .1*3 .33 .1*3 .51 - .57 .65 .68 .52 .58 
91.5 .539 .51*0 .537 .536 .517 .1*91* .1*1*8 .1*01* .358 .303 .291* 
91.0 .32 .33 .30 .53 .58 .62 .66 .55 .51 .33 .55 
90.5 .51*1 .51*1 .538 .539 .520 .500 .1*61 .U27 .381 .333 .323 
Date: 2-3-51 
99.5 
99.0 .31*" .33 .39 .1*6 .26 .35 .55 2.10 3.95 1.31 
98.5 
98.0 .27 .38 .35 .1*1* .53 .77 .55 1.00 6.20 1.81 1.20 
97.5 
97.0 .33 .31* .35 .1*1* .62 . 97 . 65 . 79 1.10 .92 .92 
96.5 
96.0 .25 .22 .21* .33 .61* .32 .76 .83 .98 .67 .75 
95.5 
95.0 .28 .33 .29 .1*1 .50 .73 .85 .67 .86 .73 .61* 
9U.5 
9l*.0 .27 .37 .28 .14* .59 .58 .66 .61* .81 .68 
93.5 
93.0 .31 .31* .30 .31* .57 .65 .62 .71 .70 .55 
92.5 
92.0 .30 .1*1* .32 .1*2 .1*9 - .57 .63 .67 .53 .56 
91.5 
91.0 .30 .32 .30 .51* .55 .63 .63 .55 .50 „3l* .53 
90.5 
i5o 
Raw Data (Continued) 
Elev., Line Line Line Line Line Line Line Line Line Line Line 
ft. 1 3 u 6 7 8 11 12 16 20 22 
Date: 2-11-51 
99.5 .395 .Ul6 .510 .518 .395 .269 .198 .000 -.022 -.018 -.097 
99.0 .36 .32- .37 .1:9 .25 .87 .50 2.U0 3.95 - -
98.5 .U02 .Ul5 .183 .1:73 .386 .282 -.191 .036 .000 -.066 -.103 
98.0 .29 .3U .35 •U6 .5U .58 .55 1.10 6.08 1.83 -
97.5 - .l«2U .U68 .1:59 .U03 .313 .229 .103 .0U2 -.001 -.033 
97.0 .3U .30 .35 .1:2 .6U .87 •6U .83 1.08 .95 .93 
96.5 .U32 •U36 .167 .1:53 .U17 .333 .26U .158 .103 •0U7 .023 
96.0 .25 .21 •2U .31: .65 .81 .76 .86 1.00 .69 .79 
95.5 .150 
CO 
•
 .1:63 .U81 0U22 .355 .298 .197 .157 .103 .077 
95.0 .29 .33 .29 .1:3 .50 .71 .88 069 .90 .68 .68 
9U.5 .U5U •U52 .U67 .1:61 •U3l .373 .323 .238 .20U .1U5 .130 
9U.0 .28 .35 .28 .14: .58 «55 .66 .65 .83 .58 -
93.5 .U63 •U59 •U72 .1:67 .UUo .388 .3U8 .276 .2U0 .186 .173 
93.0 .31 «3U .29 o35 .56 .63 .62 .73 .71 .52 -
92.5 .167 .163 .1:78 .1:73 •UU7 .U07 .369 .30U .275 .228 .212 
92.0 .30 •la .32 •U5 •U8 - .58 •6U .68 ,53 .57 
91.5 .U72 .165 .1:81: .1:75 •U53 •Ul6 .391 .338 .312 .258 «2U9 
91.0 .31 .29 .31 .55 •5U .60 .65 .57 .50 .33 «57 
90.5 .U75 •U69 .1:88 .1:78 •U6l .U17 .U07 .357 .3U2 .293 .27U 
Date: 2-18-51 
99.5 .1(92 .510 .580 .577 .U67 .38U .267 .070 .000 .000 -.020 
99.0 .3U .35 .38 •U6 .25 .87 .58 1.7U U.25 .75 -
98.5 .502 .510 .551: .53L •UU6 .378 .2U7 .122 .020 -.011 -.027 
98.0 o28 .36 .3U .1:3 .59 .79 .59 .90 6.25 1.87 -
97.5 .195 .197 .521 .503 .U37 .382 .26U .169 .075 .013 .000 
97.0 .35 •3U .3U .1:3 .6U .90 .70 .77 1.13 .95 .92 
96.5 .193 .197 .501: .1:88 •U38 .390 .287 .212 .123 .075 .057 
96.0 .26 .23 .23 .32 .68 .85 .79 .85 1.05 .72 .79 
95.5 .U93 .U97 .1:98 .1:81: .UU3 .399 .308 .2U3 .178 .120 .103 
95.0 .29 •3U .28 .UO .50 .77 .88 .68 .89 .80 .66 
9U.5 .197 .199 .1:98 .U83 oU5o .U10 .329 .280 .219 .161 «1U9 
9U.0 .28 .39 .27 •UU .61 .59 .69 .65 .83 .71 -
93.5 .502 .502 .1:99 .U86 .U57 .U23 .353 .317 .263 .202 .189 
93.0 .31 .35 .28 .35 .58 .67 .63 .72 .71 .58 -
92.5 .505 .505 .500 •U88 •U62 •U33 .373 •3U8 .297 .238 .238 
92.0 .30 •U5 .32 .U5 .52 - .59 .6U .70 •5U .60 
91.5 .508 .509 .503 •U92 .U71 •UU6 .393 .378 .328 .273 .259 
91.0 .30 .29 .30 •5U .55 •6U .60 .56 .51 •3U .53 
90.5 .511 .511 .507 •U97 .U76 •U53 .U08 .399 .356 .307 .293 
151 
Raw Data (Continued) 
Elev,, Line Line Line Line Line Line Line Line Line Line Line 
ft. 1 3 h 6 7 8 11 12 16 20 22 
Date: 2-25-51 
99.5 .556 .579 .61*1 .622 .520 .1*28 .320 .168 .026 —»ool* -.020 
99.0 .33 .32 .39 .1*5 .29 .86 .51* .96 - 1.11 -
98.5 .532 .5k9 .587 .557 .1*1*6 .398 .271* .161* .031 .000 .000 
98.0 .26 .33 .1*1 .1*3 .56 .81* .61 .38 - .85 -
97.5 .516 .522 .538 .515 .1*50 .387 .273 .188 o07l* .oil* .000 
97.0 .33 .35 .1*2 .1*3 •66 .96 .71 .75 - .83 .98 
96.5 .508 .507 .512 .1*93 .2*1*1 .383 .283 .221* b
 
CO
 
.061* .01*7 
96.0 .25 .23 .28 .37 .70 .95 .81* .81 , - .72 .81* 
95.5 .502 .500 .1*98 .1*80 .1*36 .386 .296 .237 .163 .106 .083 
95.0 .28 .35 .33 .1*2 .50 .82 .96 .69 - .80 .72 
9U.5 .500 .U97 .1*90 .1*71 .1*35 .390 .310 .267 .203 .11*0 .128 
9k.0 .27 .37 .31 .1*1* .62 .66 .72 .65 - • .78 -
92.5 .1*98 .U93 .1*87 .1*69 .1*38 .399 .327 .299 .21*2 .171* .163 
93.0 .31 .35 .31* .35 .56 .73 .69 .71* - .60 -
92.5 ••2*97 .1*92* • .1*86 .1*69 .1*1*2 .1*01* •3U6 .328 .273 .213 .200 
92.0 .29 .50 .37 .1*5 .50 — .61* .61* - .61 .63 
91.5 .1*98 .1*95 .1*87 .1*70 .1*1*8 .1*17 .363 .357 .303 .21*5 .233 
91.0 .28 .29 .32 .52 .55 .70 .57 .55 - .38 .53 
90.5 .500 .U97 .1*87 .1*72 .1*51 .1*21* .378 .376 .331* .276 .262 
Date: 3-U-51 
99.5 
99.0 .23 .35 .39 .1*5 .30 .86 .51* loll* 1.15 1.12 -
98.5 
98.0 .27 .31* .37 .1*1 .62 .78 .57 .95 1.12 1.18 -
97.5 
97.0 .31 .33 .36 .1*1* .69 .90 .65 .75 .89 .85 .82 
96.5 
96.0 .25 .22 .25 .35 .71 .81 .75 .72 .99 .73 .77 
95.5 
95.0 .28 .35 .33 .39 .52 .75 .87 ;6l* .89 .81 .65 
9U.5 
9U.0 .26 .36 .31 .1*2 .62 .60 .67 .63 .81* .72 — 
93.5 
93.0 .29 .36 .32 .33 o60 .65 .63 .71 o70 .53 -
92.5 
92.0 .23 •h2 .37 .36 .31 - .1*5 .55 .63 .1*1* .56 
91.5 
.1*6 91 oO .28 .23 .29 .2*9 .37 .1*2 .1*9 .1*9 .51 .33 
90.5 -
152 
Raw Data (Continued) 
Elev., Line Line Line Line Line Line Line Line Line Line Line 
ft 1 3 k 6 7 8 11 12 16 20 22 
Date: 3-H-51 
99.5 .k73 .k82 .5k8 •5k9 .k20 .385 .233 •053 .000 .009 .000 
99.0 .33 .33 .38 •k5 .33 .85 .55 1,20 1.03 1.09 -
98.5 .505 .506 •5k6 .530 .kk3 .k00 .251 •13k •0k7 .000 
s
 • I 
98.0 .28 .32 .33 •kl .59 .80 .5k •95 1.00 1.07 -
97.5 .520 .520 .53k .5lk .k5k .k03 .282 .186 .088 .oko .007 
97.0 .30 .33 .kk .kl .65 .88 .63 •79 •8k .79 .79 
96.5 .526 .52k .52k .507 .k57 .k05 .301 •222 •123 .077 .057 
96.0 .2k .21 .26 .31 .67 .85 .75 •75 •95 .69 .73 
95.5 .52k .520 .5lk •k97 .k58 okio .326 .2k9 •167 .108 .091 
95.0 .28 .36 .32 .39 •k9 .75 .87 .63 .8k .77 •6k 
9U.5 .521 .516 .506 .k91 .k5l .kio .328 .275 .201 ol39 •120 
9U.0 .25 .39 .29 •k3 .60 .59 067 .62 .80 .71 -
93.5 .516 .503 .50k .k86 •k53 .kl3 .3k0 .303 .232 .167 •153 
93.0 .30 .35 .31 «•33 .59 •6U •6k .71 .69 .5k -
92.5 .512 .503 .500 .k82 .k52 .kl6 •353 .321 .258 .195 .183 
92.0 .23 •k5 .35 .35 .30 - •51 .68 •58 •kk •k9 
91.5 .510 .502 .k98 .k82 .k52 •k2l .363 .338 •28k •22k .211 
91.0 .28 .21 .27 •50 .39 .39 .52 •k9 •k9 .33 •k5 
90.5 .507 .502 •k95 .k82 .k53 .k27 .372 .355 •311 .251 .239 
Date: 3-21-51 
99.5 .120 .k29 .502 •52k .383 .317 .197 •073 •027 .000 .000 
99.0 .3k .31 .37 •k5 .25 .81 •51 1.07 •97 1.02 -
98.5 .k97 •k8l .522 .516 .k25 .363 .233 .lk2 .06k .013 .000 
98.0 .28 .35 .3k .k3 .51 .76 .53 .93 .87 1.03 -
97.5 .511 .50k .518 .503 .k37 .379 ,266 .182 .110 .052 .ok7 
97.0 .33 .29 .33 .ko .61 .8k .61 .79 .81 .79 .75 
96.5 .522 .513 .512 .k9k .kk2 .391 .288 • 213 •lk8 .093 .082 
96.0 .25 .21 .2k .33 ,63 .80 .73 .76 •93 .67 .72 
95.5 .520 .51k .506 .k89 .kk2 .393 .30k .2kl .183 .127 .107 
95.0 .27 .35 .29 .k2 .50 .71 .85 •65 •85 .77 .61 
9k.5 .517 .512 503 .k83 •kk6 .397 .317 •268 .213 .15k .138 
9U.0 .25 .31 .25 .k3 .57 .57 .63 •61 •79 .71 -
93.5 .516 .506 .503 .kBl .kk9 .k06 .331 •297 •238 ,182 .163 
93.0 .29 .32 .29 .33 .57 .62 .62 • 72 •69 •53 -
92.5 .515 .509 .501 •k77 ®kk7 .kl2 .3k3 •319 •26k .207 .188 
92.0 .22 .38 .31 .3k .30 - .52 .61 .60 •k5 •k5 
91.5 .513 .508 •k97 .k78 .kk9 ekl6 .356 •337 .287 .23k .215 
91.0 .29 .21 .28 .50 .36 .kO •k6 •k9 .k8 •30 •k3 
90.5 .512 .506 •k97 .k77 .k50 .k2l .367 .353 .310 •257 •2k3 
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Raw Data (Continued) 
Elev., Line Line Line Line Line Line Line Line Line Line Line 
ft. 1 3 u 6 7 8 11 12 16 20 22 
Date: 3-26-51 
99.5 
99.0 .32 .33 .39 •kk .32 .81 .55 1.01 - 1.26 -
98.5 
98.0 .26 .35 .1*0 •k3 .53 .76 .59 .93 - 1.31 -
97.5 
97.0 .33 .33 .39 .U9 .71 .85 - ,76 - >9k .73 
96.5 
96.0 .26 .22 .28 .31 .61* .81 .72 .75 - .75 .71 
95.5 
95.0 .29 .35 .33 .1:3 .1:9 .73 .83 ,6k - .73 .60 
9k.5 
9U.0 .27 .39 .33 •k3 .59 .57 .61* .63 - .75 -
93.5 
93.0 .29 .36 .31 .32 •U6 .62 .39 .53 - .60 -
92.5 
92.0 .2U .39 .33 •3k .29 - .39 .50 - •k3 .39 
91.5 
91c0 .31 .21 - .U9 .36 .1:1 .1:8 .1:9 - .35 .ko 
90.5 
Date: 1-1-51 
99.5 .530 .513 .539 .553 .1:66 .1*17 .310 .137 .073 .039 .000 
99.0 .33 .33 .37 •U5 .98 
98.5 .558 .530 •5U3 .532 .1:68 .1:17 .302 .173 .096 .021: .018 
98.0 .27 .35 .36 .1:1 .91 
97.5 .556 .530 .530 .517 .1:63 .lilU .306 .200 .118 .05U .051 
97.0 .31 .29 .37 .1:2 .79 
96.5 .51:0 .525 .522 .503 .1:56 .1:10 .312 .218 .Ikk .083 .078 
96.0 .23 .21 .25 .32 .75 
95.5 .528 .518 .511 .1:91: .1:53 .1:08 .319 .233 .168 .111 ,101* 
95.0 .26 •3k .29 .1:0 .62 
9U.5 .521 .51U .5ok .1:85 .1:50 ,1:06 .327 .253 .188 .137 .132 
9U.0 .21 .33 •2U .3U .55 
93.5 ,518 .512 .500 .U80 okh9 .1:09 .33U .261: .212 .161* .157 
93.0 .21* .28 .20 .27 .52 
92.5 .516 .507 .U98 .1:78 .1:50 .1:15 .3W: .281: .235 .188 .185 
92.0 .22 .31 .31 .35 .1:6 
91.5 .515 .505 .k?6 .1:79 .1:51 .1:19 .357 .302 ,260 ,21k .207 
91.0 .29 .19 .29 .50 < .1:8 
90.5 .513 .501 .k9k .1:80 .1:53 .1:23 .363 .323 .290 ,21*0 .233 
99 
99 
98 
98 
97 
97 
96 
96 
95 
95 
9l+ 
9L 
93 
93 
92 
92 
91 
91 
90 
Da-
99 
99 
98 
98 
97 
97 
96 
96 
95 
95 
9h 
9k 
93 
93 
92 
92 
91 
91 
151; 
Raw Data (Continued) 
Line Line Line Line Line Line Line Line Line Line 
1 3 a 6 7 8 11 12 16 20 
-8-51 
.537 .503 .526 .531+ .1+57 .1+13 .327 .216 .188 .183 
•3k .29 .37 .1+1+ .27 .80 .1+9 .87 .79 1.02 
.567 .518 .522 .519 .1+63 .1+18 .317 .21+3 .198 .163 
.30 .32 .35 .1+0 .52 -75 .52 .83 .71+ .95 
-
.521 .515 .5oo .1+53 .1+05 .313 .21+9 .192 .153 
.29 .28 .33 .1+1 .62 .83 .58 .73 .79 .67 
.535 .512 .501 .1+85 .1+1+6 .398 .306 .252 .190 .11+3 
.23 .21 .21 .30 .61 =77 .71 .75 .88 .61+ 
.518 .503 .1+91+ •l+7lt .1+37 .390 .305 .255 .199 .11+3 
.26 .32 .28 .39 .1+6 .70 .81 061 .83 .61+ 
.508 .197 .1+81+ .1+68 .1+29 .387 .310 .263 .207 .151+ 
.21 .26 .26 .36 .52 .1+7 .50 .53 .62 .51 
.501 .U93 .1+79 .1+62 .1+29 .388 .315 .277 .223 .170 
.2lt .21+ .20 .27 .1+6 .37 .36 .51 .1+8 .52 
•k97 .188 .1+76 .1*60 .1+27 .385 .321 .291 .21+1 .193 
.23 .27 .29 •3k .29 - .38 .1+6 ol+3 .1+1 
.1+95 .1+86 .1+75 ol+57 .1+27 .392 .329 .306 .263 .211+ 
.30 .21 .29 .51 .39 .1+3 •1+6 .1+8 .51 .32 
.193 .1+83 .1+77 .1+57 «1+27 .397 .336 .325 .282 .236 
-15-51 
.552 .527 .51+9 .551 .1+81+ .1+33 .31+3 .177 .11+3 .103 
-.32 .30 .39 .1+1+ .27 .85 .52 .93 .85 1.07 
.565 .526 .533 .519 .1+67 .1+22 .321 .225 .177 .11+0 
.26 •3k .38 .1+1 .58 .77 .56 .86 .73 .99 
-
.519 .515 .1+97 .1+55 .1+18 .319 .21+6 .193 .157 
.30 .30 .37 •kl .66 .85 .61+ .71+ .79 .76 
.533 .511 .500 .1+83 .1+1+9 .1+03 .323 .262 .208 0I69 
.23 .22 .26 .29 .61+ .78 .76 .73 .87 .57 
.523 .508 .1+93 .1+71+ .1+37 .1+00 .321+ .271+ .219 .177 
.26 .33 .31 .39 .1+8 .72 .86 .61 .81 .66 
.511* .501 .1+89 .1+70 .1+37 .398 .327 .282 .231 .186 
.23 .28 .27 .36 .50 .1+0 .51 .53 .61 .51 
.506 .1+97 .1+83 .1+66 .1+35 .397 .331 .291 .21+6 ol99 
.25 .26 .21 .27 .39 .37 .37 .50 .1+5 .1+9 
.502 •k9k .1+83 .1+63 .l+3li .398 .336 .300 .258 .211 
.23 .28 .32 .31+ .31 - .1+0 .1+5 .39 .1+2 
.199 .1+90 .1+79 .1+61 .1+33 .1+00 .31+1 .310 .275 .227 
.31 .22 .31 .52 .1+1 .1+7 .1+7 <,1+7 .52 .31 
.U97 .188 .1+77 .1+60 .1+32 .1+00 .31+6 .322 .289 .21+6 
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Raw Data (Continued) 
Elev., Line Line Line Line Line Line Line Line Line Line Line 
ft. 1 3 u 6 7 8 11 12 16 20 22 
Date: U-22-51 
99.5 .5U6 .528 .5U8 -58U .U89 •U6U •386 .25U •229 • 226 .216 
99.0 .31 .29 .35 •UU .75 .76 •U9 .85 .75 .95 -
98.5 .559 .563 .566 .556 .512 •U68 .388 .289 .253 .237 •2U3 
98.0 o2U .31 .33 .39 .51 .70 .51 08O .65 .89 -
97.5 .557 .5U9 .5U2 .528 .U93 .U51 .373 .290 .2U7 .223 • 222 
97.0 .28 .29 .31 .39 .61 .79 .58 .72 .69 .71 .61 
96.5 .558 .539 .527 .513 .U76 •U33 .363 .288 .2U5 .210 •2lU 
96.0 .22 .21 .2U .30 .61 .75 .71 .73 •80 .65 .63 
95.5 .556 .531 .513 .U99 •U6U .U28 .359 .289 .2U6 .203 •199 
95.0 .2U .31 .27 .39 •U5 .67 .81 .61 .75 •6U .Ul 
9U.5 .531 .52U .507 •U93 .U57 .U23 .357 .295 .251 .209 .203 
9UeO .20 .25 .25 .39 .51 .Ui .53 •5U .61 •U8 -
93.5 .52U .518 .502 .186 .U57 .U20 .360 .30U .259 .218 .212 
93.0 .22 .23 .19 .28 .37 .35 .35 .U9 .la •U5 -
92.5 .520 .509 .U99 .U83 .U55 .U20 .363 .31U .272 .231 .223 
92.0 .23 .25 .28 » 35 .29 - .38 •kl .39 .Uo .36 
91.5 .515 .507 .U9U 0U80 •U53 .U22 .368 .322 .286 .2UU .236 
91.0 .30 .21 .29 .52 .39 •U5 •U3 .U7 .U8 .29 .38 
90.5 .510 •50U •U91 .U79 .U52 0U22 .373 .335 .303 .257 .2U9 
Date: 5-7-51 • 
99.5 .600 .526 .586 .625 .550 .532 .U92 •U13 .U13 .U16 .U13 
99.0 .28 .28 .3U .U2 .2U .69 •UU .77 .68 .79 
98.5 •6U9 .622 •6lU 0609 .565 .539 .U97 .U62 .U59 .U38 •UUU 
98.0 .23 .29 .31 .38 .U9 066 0U7 .77 .57 .77 -
97.5 - .609 .595 .576 .U90 .509 •U67 .UU9 •U37 .U23 .UlU 
97.0 .27 .28 .31 .37 .59 .75 .55 .67 .61 .63 .63 
96.5 .593 .580 .563 •5U7 .513 0U8O .U38 .Ul6 .398 .377 .365 
96.0 .21 o20 .23 .29 .61 .72 .67 .67 .71 .61 .58 
95.5 .571 .553 .5Uo .523 .U88 •U57 .Uii .387 .363 .336 .327 
95.0 .23 .30 .27 .37 •U5 .65 .78 .57 .71 .59 •UU 
9U.5 .553 .536 .522 .503 .U71 •UU3 .395 .368 .337 .313 .297 
9U.0 .20 .2U »2U .38 .U8 .3U .51 .52 .59 •U5 -
93.5 .537 .520 .506 .U92 .U63 .U28 .383 .356 .326 .290 •279 
93.0 .23 .23 ' .18 .28 .36 .33 .35 •UU .35 .U3 -
92.5 .52U .509 .U97 .U79 •U53 .U19 .369 •3U6 .318 .277 •267 
92.0 .22 o25 .28 .3U .29 - .37 oU5 .33 .Uo •3U 
91.5 .515 .50U .U88 •U73 .UU7 .U15 .365 •3UU .315 .277 .26U 
91.0 .30 .21 .30 .51 •Uo eUU •UU •U5 •U7 .29 .36 
90.5 .508 .U98 .U83 .U68 .UUi .U13 .367 •3U5 .317 .281 .271 
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Raw Data (Continued) 
Elev., Line Line Line Line Line Line Line Line Line Line Line 
ft. 1 3 I* 6 7 8 11 12 16 20 22 
Date: 5-13-51 
99.5 .676 .668 .700 .683 .626 .602 .582 .516 .536 .679 .583 
99.0 .28 .27 .32 .1*0 .23 .59 .23 .72 .61* .79 -
98.5 .633 .618 •63I* .620 .563 .585 .1*92 .1*53 .1*52 .1*57 .151 
98.0 .23 .31 .32 .36 .1*9 .65 .38 .75 .56 .77 — 
97.5 .595 .582 .583 .578 .523 .1*93 .1*53 .1*32 .1*15 .1*15 .1*06 
97.0 .27 .29 .30 .39 » 59 .73 •1*6 .65 .58 .63 .61 
96.5 •566 .556 •5U8 .536 .500 .1*65 .1*28 .1*13 .397 .373 .369 
96o0 .22 .20 .22 .28 .61 .71 .59 .65 .69 .61 .58 
95.5 .517 .533 .525 .510 .182 .1*50 .1*07 .397 .370 .351* .350 
95.0 .21* .30 .29 .36 .1*3 .71* .73 .51* .65 .59 .1*5 
9l*.5 .529 .523 .507 .1*93 .1*65 .1*37 .393 .380 .358 .337 .325 
9U.0 .21 .25 .21* .38 .50 .35 .1*9 .50 .55 .1*5 -
93.5 .516 .509 .1*92 .1*76 .1*53 .1*21 .380 .370 .350 .323 .305 
93.0 .23 .22 .19 .26 .36 .32 .33 .1*2 .33 .1*1 -
92.5 .503 •ii9U .1*81* .1*66 .1*1*0 .1*15 .369 .362 .330 .310 .293 
92.0 .23 .25 .28 .33 .29 - •3k .1*1* .31 .38 .33 
91.5 .1*91 .1*86 oi*75 •U57 .1*33 .1*07 .363 .356 .321* .303 .289 
91.0 .31 o22 .30 .51 .1*1 .1*3 .1*0 .1*1* .1*5 .29 .36 
90.5 .185 .1*79 .167 .1*52 .1*28 .1*03 .358 .350 .332 .301 .285 
Date: 5-20-51 
99.5 
99.0 .28 .26 .31 .1*0 .25 .60 .22 .68 .59 .77 -
98.5 
98.0 .23 .31 .33 .37 .1*9 .65 .37 .65 .53 .79 -
97.5 
97.0 .27 .29 .31 .39 .58 .71* .1*6 062 .57 .65 .63 
96.5 
96oO .21 .21 .23 .27 .60 .71 .61 .63 .68 .62 .63 
95.5 
.1*9 95.0 .23 .31 .27 .36 .1*6 .65 .82 .51* .69 ,61 
9l*.5 
9l*.0 .20 .29 .27 .39 .51 .1*2 .55 .51* .57 .1*7 -
93.5 
.1*6 .1*2 93.0 .22 .23 .19 .27 .37 .35 .31+ .33 -
92.5 
.1*0 92.0 .23 .25 .29 .33 .28 - .36 .1*1* .30 » 33 
91.5 
.1*1* 91.0 . .30 .22 .29 .51 .1*1 .1*3 .1*1* .1*3 .30 .35 
90.5 
157 
Raw Data (Continued) 
Elev., Line Line Line Line Line Line Line Line Line Line Line 
ft. 1 3 k 6 7 8 11 12 16 20 22 
Date: 5-30-51 
99.5 .693 .676 .680 .683 .687 .686 .688 .719 .715 .891 .799 
99.0 .23 .27 .26 .1*0 .21* .56 .21 .68 .59 .61* -
93.5 .675 .630 .626 .623 .613 .603 .611* .621* .630 .652 .693 
98.0 .21 .31 .31 .36 .50 .61* .33 .59 .53 .70 -
97.5 .632 .599 .592 .586 .576 .568 .568 .576 .573 .590 .593 
97.0 .25 .29 .39 .kk .59 .72 .kk .62 .55 .58 .55 
96.5 .600 .580 .573 .566 .551* .51*1* .532 .535 •53U .526 .526 
96.0 .20 .21 .26 .29 .61 .69 .58 .62 .65 .58 .56 
95.5 .57 6 .566 .557 .550 .535 .526 .507 .507 .1*91* .1*85 .1*79 
95.0 .21 . .31 .29 .38 .1*6 .63 .70 .52 .63 .56 .1*6 
9U.5 .562 .553 .51*1 .536 .520 .505 .1*86 .1*77 .1*63 .1*56 .1*1*3 
9U.0 .17 .30 .27 .1*3 .51 .1*3 .50 .55 .57 .1*5 -
93.5 -5U9 .51*1 .527 .520 .503 .1*87 .1*63 .1*53 .1*1*2 .1*29 .1*11* 
93.0 .21 .22 .19 «26 .37 .32 .31 .1*9 .31* .38 -
92.5 .531 .527 .517 .508 .1*92 .1*79 .1*52 .1*36 ol*23 .1*01 .392 
92.0 .23 .21* .29 .33 .27 - .32 .1*1* .29 .36 .32 
91.5 .521 .518 .507 .U98 .1*83 .1*65 .1*31* .1*17 .1*03 .382 .371* 
91.0 .31 .21 .29 .1*9 .1*3 .1*3 .1*2 .1*2 .1*2 .26 .21* 
90.5 .513 .508 .500 .1*92 .1*71 .1*53 .1*27 .1*12 .392 .370 .356 
Date: 6-3-51 
99.5 .566 .571 .555 .601 .612 .61*0 .633 .619 .61*3 .666 .61*7 
99.0 .28 .27 .23 .39 .25 .56 .21 •66 - .61* -
98.5 .673 .656 .61*3 .652 .61*1 •63I* .61*5 .663 .693 .690 .707 
98.0 .21 .30 .32 .35 .1*9 .62 .33 .61* - .65 — 
97.5 — .63k .626 .620 .601* .595 .603 .630 .663 .671 .681* 
97.0 .26 .28 .38 .1*1 .59 .71 .1*5 .62 - .57 .50 
96.5 .612 .600 .593 .581* .569 .559 .562 .581 .603 •606 •6ll* 
96.0 .19 .19 .25 .28 .59 .68 .57 .59 - .52 .1*7 
95.5 .58U .571 .568 .559 .51*6 •53U .578 .536 .51*8 .555 .552 
95.0 .20 .30 .28 .37 •U5 .62 .73 .1*7 - .56 .3U 
9U.5 •561; .557 .552 .51*3 .526 .513 .503 .502 .503 .1*97 .1*93 
9U.0 .13 o2U .21* .33 .52 .37 .1*3 .1*1* .1*2 -
93.5 .518 .5U3 .536 .526 .509 .1*98 .1*82 .1*75 .1*67 .1*56 .1*1*9 
93.0 .21 .21 .19 .27 .37 .32 .31 .1*8 - .39 -
92.5 .53k .532 .52U .515 .1*97 .1*82 .1*63 .1*53 .1*1*1 .1*29 .1*17 
92.0 .23 .23 .27 .35 .28 - .32 .1*2 - .35 .32 
91.5 .525 .620 .512 .501* .1*86 .1*73" .1*51 .1*32 .1*21* .1*06 .393 
91.0 .28 .21 .29 .1*9 .1*2 .1*1 .1*3 .1*2 - .36 .33 
90.5 .516 .511 .503 .1*91* .1*76 .1*63 .1*1*0 .1*23 .1*07 .392 .375 
1*8 
Raw Data (Continued) 
Elev.. Line Line Line Line Line Line Line Line Line Line Line 
ft. 1 3 k 6 7 8 11 12 16 20 22 
Date: 6-10-51 
99.5 o6lU .601* .607 =6ll* .623 .612 .613 .655 .700 «831* .751* 
99.0 .29 .25 .23 .38 =21* «57 .22 .69 062 .63 -
98.5 .616 .582 .576 .570 .572 .558 .563 «580 .603 .623 .621* 
98.0 .23 .29 .33 .36 .1*7 .65 =32 .67 .51* .67 -
97=5 - .560 .553 .518 .51*3 .537 .585 .51*9 .566 .582 .583 
97.0 .28 .29 .36 .1*3 .58 .70 .1*5 067 =57 .58 .53 
96.5 .565 .550 .512 «53U .530 .520 .513 .530 .51*3 «51*6 .51*3 
96.0 .19 .19 .25 .29 .60 .68 .57 .63 .61 «51 .51* 
95=5 .519 .51*0 .533 .521* .517 .507 .500 .511 .512 .518 .517 
95.0 .21 .29 .28 .37 .1*5 .60 .71 .1*7 .60 .53 .36 
9U.5 .537 .531 .523 .511* .505 .1*91* .1*85 .1*89 «1*91* .1*97 .1*93 
9k.0 .19 .21* .23 .36 .51 .31* .1*7 .1*1* .1*8 .1*2 — 
93.5 .528 .521 .513 .501* .1*93 .1*83 .1*69 .1*75 .1*75 .1*72 .1*68 
93.0 .21 .21 .18 .27 .37 .32 .29 .1*7 .25 .38 -
92.5 .519 .511 .50U .1*91* .1*80 .1*72 .1*53 .1*57 .1*51* 
CO df 
.1*1*3 
92.0 .23 .22 .26 .35 .26 - .30 .1*1 .27 .31* .30 
91.5 .510 .502 .1*91* .1*81 .1*70 .1*58 .1*1*3 .1*1*1 .1*38 .1*27 .1*18 
91.0 .30 .17 .28 .1*9 .1*5 .1*1 .1*2 .39 .39 .25 .32 
90.5 .500 .1*93 .186 .1*76 .1*59 .14*7 .1*28 .1*21* .1*23 .1*08 .1*02 
Date: 6-16—51 
99.5 .756 •7b3 .71*7 .732 .758 .727 .726 .756 .793 .333 .817 
99.0 .27 .22 .2U .38 .31 .53 .21* .65 .55 .55 -
98.5 .707 .675 .671 0663 .653 .635 .653 .690 .728 .71*8 .752 
98.0 .21 .28 .33 .36 .51* .62 .31 .62 .51 .63 -
97.5 .61*8 0622 .616 .613 «597 .593 .601 .635 •663 .673 .673 
97.0 «27 .29 .35 .1*1 =61 .70 .1*1* .68 .51* .55 .51 
96.5 .606 .590 .583 .576 .569 .563 .566 .593 .612 .613 .613 
96.0 «19 .18 ,2k .29 .56 065 .51* .62 .59 .51 .53 
95.5 .580 .567 .559- .558 •51*6 .51*3 .51*1 .561* .571 .561* .566 
95.0 .21 .28 .27 .36 okS • .59 .66 .1*8 «56 .51 .1*3 
9U.5 .561 .551 .513 .538 .527 .523 .516 .533 «536 .533 «526 
9U.0 .19 «28 .25 .38 .50 .39 .1*8 .1*7 .50 .1*1 -
93.5 .51*9 .538 .532 .526 .515 .507 .500 .510 .513 .500 .1*95 
93=0 .19 «21 .18 .27 .36 .31 .28 «1*9 .26 .36 -
92.5 .538 .528 .520 .513 .502 .1*91* .1*81* .1*93 .1*81* .1*73 .1*71 
92.0 .23 .22 ,2k .33 .27 - .28 .1*2 .26 .33 .29 
91.5 .527 .519 .510 .501* .1*96 .1*82 .1*69 .1*76 .1*61* .1*53 .1*1*3 
91.0 .29 .17 .28 .1*9 .1*7 .1*0 .39 .1*0 .38 .28 .31 
90.5 .518 .510 .503 .1*95 .1*83 •1*73 .1*60 .1*63 .1*53 
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Raw Data (Continued) 
Elev., Line Line Line Line Line Line Line Line Line Line Line 
ft. 1 3 U 6 7 8 11 12 16 20 22 
Date: 6-2U-51 
99.5 .722 .710 .707 .701* •71U .710 .708 .753 .792 .823 0809 
99.0 .26 .23 .27 .itl ,2k o5U .2U .65 .56 .53 -
98.5 .687 .662 .657 .61*6 .61*6 .62U •6U3 .680 .713 .723 .737 
98.0 .21 .31 .36 .36 0U6 .60 .33 .61 .51 .63 -
97.5 .61*2 .613 .611 .603 .601 .589 .597 .636 .66U .668 .670 
97.0 .27 .29 .37 .Ul .57 .68 •U5 .66 .53 .55 oU9 
96.5 .602 .586 .581 .576 .570 .566 .567 .612 .623 .616 .622 
96.0 .18 .20 .25 .29 .58 .65 .58 .62 .57 .51 .52 
95.5 .577 .561* .561 .557 •5U9 •5U7 .5U3 .577 .586 .577 .582 
95.0 .20 .31 .29 .37 -U7 060 .67 .U8 .57 .53 •U3 
9U.5 .560 •5U7 .514* .537 .532 .528 .52U •5U8 .553 »5U9 .5U6 
9U.0 .18 .30 o28 .Ul .50 .Ul .51 eU9 .50 .U2 -
93.5 •5U3 .527 .526 .523 .511 .508 .503 .525 .522 .517 .513 
93.0 .20 .21 .19 .27 .36 .30 .27 .52 .25 .37 -
92.5 .533 .521 .51k .509 .U99 •U99 .1*86 .503 .501 •U90 .U89 
92.0 .23 .21* .27 .32 .26 - .27 .U2 .26 .33 .29 
91.5 .521 •5iU .502 .U99 .U89 .U83 .U70 .U88 .U76 .U65 .U63 
91.0 .28 .17 .29 .50 .52 .U6 .39 .Uo .37 .28 .30 
90.5 .510 .502 .U93 .U89 .U76 .U70 .U56 .U69 •U60 .UU7 .UU2 
Date: 7-1-51 
99.5 
99.0 .27 .23 .30 .U2 .26 .52 .2U .67 .63 .55 -
98.5 
98.0 .21 .27 .38 .37 .U8 .62 .31 .61 .55 .63 -
97.5 
97.0 .27 .29 .37 .Ul .58 .72 .U3 •6U .57 .58 .53 
96.5 
96.0 .19 .19 .27 .28 .61 .67 .55 .60 .62 .51 .56 
95.5 
.U7 .U6 95.0 .19 .31 .30 .37 »U5 060 .69 .59 .52 
9k, 5 
9k .0 .19 .30 .26 .Ul .52 .Ul .52 .1*9 .53 oU3 -
93.5 
.36 .U3 93.0 .20 .27 ,2k .27 .38 .31 - .37 » 
92.5 
.U2 92.0 .2)4 .25 .27 .33 .26 - .29 .25 .32 .29 
91o5 
91.0 .31 .18 .29 •U9 .50 •U7 .38 .39 .37 .28 .32 
90.5 
